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1. INTRODUCTION

Rice, an aquatic plant, can be adversely affected when grown under
unsaturated soil moisture regime for a prolonged period. Since about
T5 percent of total rice acreage in Africa is grown on unbunded and
unirrigated rainfed soils, soil moisture stress can adversely affect rice
growth and yinld. Rice yield under optimum fertilivzer and moisture
conditions on cxperimental plots has been obtained as high as 7.0 t/ha,
the mean farm yield in Africa is as low as 1.2 t/ha, and ranges from
1.4 to 3.7 t/ha in the tropies of Asia and Latin America (Table 1). The
average yield of rice in west Africa is about 0.5 t/ha (Abifarin et al,
1971), althoush the national averape is higher for many countries.
Experimental station average yiclds of upland rice ranres from 2.5 to
3.5 t/ha in Cambia, 3-) t/ha in Tvory Const, 3.6 to 3.% t/ha in the
Fepublic of Benin, and 3 to I t/ha in Western Nigeria (USDA, 1968).

One of the important factors affecting rice production under upland
conditions is the soil moisture stress. In shallow soilsg developed on
basement complex rocks, and in those regions where evapo-transpiration
exceeds the prezipitation over 5 to T —day period during the grovirg
season, shallow rooted crops such as rice can be adversely affected by
frequent droughts. 1In addition, root rrowth on some soils can be
seriously impedced due to adverse physical properties (hipgh pravel
concentration, compaction ete.) or nutritional imbalance (AL or Mn
toxicity) (Babalola and Lal, 1976 w, b). Therefore, under dry upland
conditions, rice suffers from drought stress even a fow days after a
heavy rain.

The problem of drought stress is a complex one, and needs to be
investigated for agronomic, penetic, enpgineering, soil-water management
and irrigation, and plant physiolopical aspects. Knowing soil-water
relations or rice can be helpful in developing suitable arrronomic
practices including time of planting, methods of seed bed preparation,
sceding techniques, wund depth and duration of flooding. Selection of
suitable varieties should Le based on c¢riterion that reflect ability to
withstand drought C.r. leat waler characteristics, consumptive water use,
rooting depth, and ability to produce u stable yicld under adversc
conditions,

There is scanty information on plant-water relations of suitable
uplend varietices. ‘T'he realm of water management,, even for irripgated
or swamp rice, is 5till an open question.  How much water? Ts flooding
necessary? What are, if any, advantagres of mid-senson drainage? Is
puddling nccessary?



The objective of this report is to compile the existing information
on these subjects, and review the results of experiments conducted at
IITA - Nigeriu. The existing informution will be critically reviewed
with an objective to indicate pgops in our knowledgre on soil-water rela-
tions of rice, und to indicate vesearch priorities in soil and water
management for ricn.

This volume is deficit in terms of reviewing the research information
on water use by rice for different soils and agroecological environments,
land forms in relation to rice production. Since this volume was prepared
in 1976, many suitable reviews have appeared in these aspects and readers
are referred to those books and reviews for broader aspects of soil-rice
relationship . This compilation deals with a rather narrow aspect of
soil-water relations of rice and some techniques of investigating the
plant-water status of two rice cultivars grown under a range of soil
moisture regimes and fertility conditions.



Table 1. Rice acreage and production in the tropics (1973-1975). Adopted from
IRRI, 1977).

Ares

% of % of % of
Region (1000 ha)  World “otal (1000 =t) World total Mt/ha  World total
Zast Asia 39,501 28.7 146,920 Lk, 3 3.7 15k
South east Asia 32,716 23.8 67,037 20.2 2.0 83
South Asia 51,717 37.€ 90,825 27.4 1.8 75
West Asia 687 0.5 1,988 0.6 2.9 121
North Africa L61 0.3 2,346 0.7 5.1 212
West Africa 2,033 1.5 2,436 0.7 1.2 50
Central and east Africa 1,708 1.2 2,523 0.8 1.5 62
Brazil L,836 3.5 6,68L 2.0 1.k 58
ther Latin American 1,806 1.3 5,301 1.6 2.9 121
Countries.

World 137,bk11 100 331,460 100 2.4 100
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2, WATER REQUIREMENT OF FLOODED RICH

The actual transpiration, when the canopy is full and water is not
limiting, may not be drastically different in flooded than in upland rice
or other adequately watcred upland crops. The important factors that
influence the total water requirement of paddy rice include climatie
parameters that influcnce evaporation (radiation, wind, temperature,
humidity), soil propertics (such as wabter holding sapacity as influenced
by texture and structure, decp scepage and percolution, depth of yrround
water, presence or absence of hard impcermeable layer in Lhe soil profile),
methods of seedbed preparation and other cultural practices (puddling,
dry seed bed preparation, direet sceding versus transpluanting, fertiliz-
er rate), varicial characteristics tineluding days to maturity, growth
characteristics including leaf aren and tillering), and the mode of
water applicution or wabter management systems.,

A considerable reseaurch on concsunnlive water use of flooded rice
has been done in south and southeast Asia, and other rice growing regions
of the world. A brief summary of the water requirement of flooded rice
is shown in Table L. Most of the resultr concerned lysimetric studies,
and computations of water requircements from climatic data. There has
been little availuble information on consumptive water use of flooded
rice from West Africa.

2an (1952, 1963) reported that in the lvnan province of China,
total water requirement of paddy is about 85 em, 55 percent of which is
actual Lranspiration. Sahu and Rath ("972, reported that total consump-
tive water use ranpged from 1218 to 19%9 mm. In north India, Ghildyal
reported from lysimetric cxperiments o peak rate of 14,9 mm/day for
tall indicn varieties and 13.1 mm/day for dwarf varicties. Mohammed and
Morachun (197h) found thal. water requirement for Madras in India from
planting to Larvest was 17 mn for TR=8 and 1217 mm for IR-20. In the
Philippines, evuporabion ranging from b Lo 12 mm/day has been reported
by various researchers (Table 1),

Fxperiments reported from Japan (Leonard, 19W8) indicated the
water requirement of rice ranging from (0 to 131 em. Mutsushima (1960)
reported the Lrancpirabion ratio for Jupan to be 150, The transpiration
ratio was found Lo be 316 for Malaysia (Cupgimoto, 1970).

The consumptive water use of rice was observed to be 180 em in
the Murrumbidpgee Trripation Arew of New South Wales, Australia (Hunger-
ford, 1950), wherens in Lhe southern USA, Jones (1934, 1938) reported
that b Lo 5 acre feel of wabior are required to produce a crop of rice.
In California, USA, Kancy et al. (1901) reported evapolranspiration rang-

ing from 2.6 Lo 3.0 were fect.,

The Literature presented indicates thal consumptive water use by
rice runges from 0.0 Lo 1.3 em/day, depending on s0il, climatic factnrs,



Table 1. Water requirement of flooded rice (mm/day).

Country Region Water Requirement Reference

Australia  New South Wal-s 180 mm/season Hungerford (1950)

Bulgaria - 720 mm/season Sparsov (1973)

China Hunan Province 85 cm/season Pan (1952, 1963)

India - 1218-1359mm/crop Sahu and Rath (1972)

India U.P. 14.9 mm/day Ghildyal (1973)

India - 11--12 mn/day Nair (1973)

India - 1217-1417Tmm/crop Mohammed and Mora-
chen (1974)

India Bihar 4,0-5.1mm/day Chaudhry (1966)

India Indian subcontinent  0.2-8.3 mm/day Mukerjee and Chat-
terjee (1967)

Indonesia - 4.0-6.0 mm/day Goor (1950)

Iran - 6.0 mm/day Goor (1961)

Japan - 70-131 cm/crop Leonard (1948)

Laos - 5.0 mm/day Kung and Atthayodin
(1965)

Malaysia - 5.0-5.5 mm/day  Goor (1963)

Pakistan - 8.0-11.8 mm/day  Huang (1963)

Philippines - 4 mm/day IRRI (1964-65)

Philippines - 10.4-11.6mm/day  Alfonso (1948)

Philippines - 5.9-6.9 mm/day Kampen (1976)

Surinam - 7.0 mm/day Eijsvogel (1961)

Taiwan - 5.4-5.9 mm/day Kan (1969)

Thailand - 5.0~6.0 mm/day Xung and Atthayodin

(1961)



and the growth characteristics of the variety grown. The results of
experiments conducted at IITA, ITbtadan, and at IRRI, Los Banos, are pre-
sented in the following section, and are compared with those obtained
elsewhere. The results are summarized according to the factors affect-
ing consumptive waler use of rice.

Consumptive wabter use at different growth stages. Generally, the peak
water demand of rice ic from maximwn tillering to the grain filling
stage. Nair et al. (1973) reported that the gre-atest daily ET rates
occurrcd from maximunm tLillering Lo heading.

The evapo-transpiration of flooded rice at Ibadan, Nigeria,
for three consccutive seasons is shown in Figures 1 to 4. The data in
Figure 1 indicate that for the firct six weeks after planting, there
were no significant diffcerences in the evaporation and evapotranspira-
tion. ‘The mcan evapo-transpiration wvas 3.4 cm/week. There was a steady
increase in the evapo-transpiration from the ceventh week after plant-
ing, attaining a maximum rate of (.3 cm/week occurring during the 12th
week after planting. This period corresponded with the panicle devel-
opment and the grain filling stage. There was a gradual decline in the
evapo~-transpiration rate from week 12 to maturity. 7Tne evapo-transpira-
tion (evaporation ratio for various growth stages) is shown in Tables
2-5. During the period of peak water demand, evaporation constitutes
only 30-l0 percent of the evapo-transpiration. Similar results have
been reported elsewhere (Sparsov, 1973; HNair et al., 1973).

Table 2. The ratic evaporation : evapotranspiration in rice paddy
(August - December 1970).

Week after planting Evaporation : Evapo-transpiration
6 0.98
T 0.98
8 0.77
9 0.69

10 0.52
11 0.34
12 0.hY
13 0.30
1} 0.36
15 0.35

16 0.32
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Table 3. Components of consumptive water use by paddy rice (May-

September 1971).

12

Weeks After  Lvaporalion  Percolation  Transpiration  E/T P/T
Planting cu/week cem/week cm/week
L 2.8 0.9 0.1 28.0 9.0
5 2.7 1.5 0.1 27.0 5.0
6 3.3 1.2 0.5 6.6 2.4
T 3.h1 0.7 0.2 17.0 3.5
8 3.3 0.9 2.6 1.27  0.35
9 1.8 1.1 b.L 0.kl o0.25
10 2.3 2.8 5.3 0.43 0.53
11 1.2 0.5 9.7% 0.12  0.05
12 2.5 1.6 1.8 1.4 0.90
13 1.9 0.3 0.6 3.2 0.50
1h 0.9 1.4 2.9 0.3 0.48
15 0.9 0.k 3.3 0.27 0.12
16 1.0 1.k 2.3 0.43 0.61
17 1.0 1.5 L.2 0.2k 0.36
Total: 29  16.2 38.0 0.76 0.43

GRAND TOTAL = 83.2

cm

*Lysimeters were

flooded due to heavy rains.
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Table 4. Consumptive water use (em/week) for dry season crop (November
1971 to March 1972).

Weeks after  Ivaporation  Percolation Transpiration
planting (1) (r) () E/T P/T
5 2.73 0.07 0.7 3.55  0.09
6 2.2k 0.63 0.84 2.67T  0.7%
T 2.03 0.21 0.91 2.23  0.23
8 1.75 0.35 0.91 1.92  0.18
9 1.61 0.42 1.12 1.4 0.38
10 1.82 2.03 2.17 0.84% 0.9k
11 2.10 2.2k 2.66 0.79 0.8}
12 2.17 3.50 3.01 0.72 1.16
13 1.96 3.57 .27 0.46 0.84
1k 2.03 h.62 2.01 0.67 1.53
15 2.10 2.31 2.87 0.73 0.80
16 2.10 2.10 2.80 0.75 0.75
17
Toﬁa} 2l 6k 22.05 25.34 0.97 0.87
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Table 5. Components of concumptive water use in paddy rice (May-
September 1972).

Weeks after Ivaporation Percolation Transpiration
planting cm/week em/week cm/week E/T P/T
3 2.10 0.35 0.35 6.00 1.00
b 2.52 0.77 0.56 L.50 1.38
5 0.98 0.28 1.12 0.88 0.25
6 2.17 0.k4o 0.84 2.58 0.48
7 2.03 0.07 1.19 1.71  0.06
8 1.k40 0.20 1.12 1.25 0.19
9 1.75 0.49 1.47 1.19 0.33
10 1.26 0.07 1.33 0.95 0.05
11 1.47 0.28 0.77 1.91 0.36
12 0.91 0.k2 1.19 0.7C ©£.35
13 1.19 0.70 1.61 0.7  0.43
1k 0.77 0.05 1.54 0.50 0.03
15 1.19 1.5k 1.33 0.89 1.16
16 1.05 1.05 1.89 0.56 0.56

Total 20.79 6.68 16.31 1.27 0.kl
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The effects of climalic parameters on consumptive water use. The energy
required for the evaporation is dependent on the changes in climatic
variables. stimates of evapo-transpiration of rice have therefore
been obtained rom pun evaporation.  Sugimoto (1976) observed in
Malaysia Lhat Lhe Lranspiration/pun cvaporation and evapo-transpiration/
pan evaporation ratios were constant, and were unalfeeted by plant
growbh, particalarty it Lhe leaf arca index (LAT) was 3.9, Vapo-—
transpivation was cicniCicantly relabed Lo onnoclhioe (r=0.72). Similar
studies have been conducthed nooapan by Nagzhori and Amay (1972).

These rescarchers observed Lhil, Lhe water conswapt ion ot 10-day periods
stowed Lhe same bendencey, and thal the cvapo-transpiration peak coineid-
ed with the temperature peak and the durabion of ULhe sunshine. Ucki and
Shammugaratnam (1973) also observed o high correlation coefficient
between Lransp:ralion and daily incoming radistion.  The peak vranspira-
tion occurred at about, maximuwn Lillering, also corresponding Lo maximum
radiation values.

Viunadevan (1071, 1973) observed in Indiu that the ratio of evapo-
transpiration (K1) in o rice crop and class A pan evaporation was con-
stant throushout. the growing scason. Morcover, the potential LT was
slpnificantly increased by waiter depth during the carly period of rice
growth. Tu Australia, Bvans (1971) and Long et al. (197h) reported
significant correlation between evapo-transpiration and U.S. class A
pan evaporation.

Allavena (1972) comparcd the experimental values of ET with those
calculated by Lhe formula of Thornthwaile, Ture, Blaney-Criddle, Har-
greaves, Penman, and with that from an atmometer. The estimates ob-
tuined from the Cormula of Thornthwaile and those obtained from atmo-
meter deviated from the observed value from =3 to +11 percent.

The experiments conduceted ot Ibhadan indicated significant diff-
erences between the water Lemperature in the evaporation pan installed
within a lurge paddy field, and the wator Lemperature under the rice
(Table 6). In the morning (0800 hr), waler temperature in the rice
paddy was about 1 ¢ lower than that in the bare evuporimeter. In the
afLernoon, however, the temperaturce under field paddy was 3-8 C lower
than  Lhat in the evaporation pan.  This marnitude of difference in
water Lemperalure may account tor o Jarpe variation in Lhe pan evapori-
tion comparcd with cvapo-transpiration from o rice ficld.

The correlalion cocfficient, botween evaporation, transpiration,
and evapo=transpivation for different season crops at Ibadun with
¢limatic variables is shown in Tables 7-8.  The consumptive water
requirement. in Lhese otudics wis significantly correlated with the
solur radintion, stapge of prowth, and Lhe LAT. The higher the leaf
arca, the more Lhe cvapo-Lranspivat.ion.,  About WO percent of cvapo-
Lranspiration was abtribntable to the purameters that also influence
pan evaporation.
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Table 6. Water temperature (°C) in paddy (planted Aagust 10, 1970)

8 a.m. b p.m.
Date
Rice Bare Rice Bare
19/11/1970 25.1h 26.0 27 .4 344
20/11/1970 25.h4 26.0 27.5 33.k
21/11/1970 26.0 26.7 -
22/11/1970 - - - -
23/11/1970 25.5 26.0 27.4 33.2
2h/11/1970 25.6 26.3 27.0 32.9
25/11/1970 25.3 26.0 27.3 33.3
26/11/1970 2h.9 25.6 27.2 30.4
27/11/1970 23.8 2h . 26.0 33.8
28/11/1970 22.4 2h.o - -
29/11/1970 - - - -
30/11/1970 20.4 21.0 - -
/1271970 - - - -
2/12/1970 19.8 20.5 23.2 31.5
3/12/1970 19.6 19.9 - -
k/12/1970 18.4 18.7 21.8 30.0
5/12/1970 18.6 19.6 - -
6/12/1970 20. 4L 21.0 - -

- = no records available
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Correlation coefficients and regression equations between

consumptive water use (cm/week) and other parameters (May-September 1971).

Independerny
variable

Dependent variable

Regression Equation

Evaporation
(E)

LAT

Weeks after
planting

Raditaion (R)
Consumptive
water use

(RT + P)

Radiction (R)

Evapo~transpiration

Evapo-transpiration

Lvapo-transpiration

Lvaporation (E)

fivapo-transpiration

Ivapo-transpiration

(ET)

0.89

0.49

0.9k

0.40

o= =l.ohk + 2,508

ET = 2.9 + 0.13 LAI
(b-12 weeks)

ET = 0.48 + 0.71 x
(k=12 weeks)

E = -0.59 + 0.01 R
(ETP) = 0.84 + 1.06 ET

ET = 0.46 £ 0.0027 R

Between 10 and 16th week, and excluding rainy days.
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Consumptive water use ia relation to olher climatic parameters,

(a) Mean values of various paramelers

bvapo-trancpiral]

Evaporation (mm/day)

adintion (rreal o

Mean hamidity (5)
Mean Lemperasture

Bean wind velocit,

(b) Table of corrclation -nd regresaions

Independent ~rariablo

1.23
0.h1

lMean
on (mm/day) .12
276
m duy“l) 296.0
35.9
(c) 23.7
y (m hr-1) 0.97
Dependent vuriub%g r

Lvaporat.ion
Radiation
Humidity
Pemporature
Wind velocity
Radiulion
Humidity
Temperature

Wind velocity

bvapo-transpiration

vapo-transpiration

0.50%%

0.53%*

Evapo-transpiration =0, h5%%

lwapo-tLranspirat ion

Lvapo-Lranspirat ion

Evaporat.ion
Evaporation
Fvaporation

Bvaporation

O hox*
0.03
0.1 %%
-0, hox*
O hE#*

0.2

Regression equation

Y =
Y = 0.90
Y = 20.7
Y = 17.1
Y = 3.9
Y = 0.17
v =
v =
Y =

2,62 + 0.5hy

+ 0.0108x
- 0.19hx
+ 0.89x

+ 0.16x

+ 0.009x

18,16 - 0.18x
-19.38 + 0.93x

J..LT + 1.33x
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Table 8. Repression equations between variables and consumptive water
use (em/day), November 1971 - March 1972.

Iudependent Variable Dependent Variable r? Repression equation
¥Solar radiation LT 0.80 ©ET = -0.63 + 0.0033R
(¢ cal em=2 day~1)

Stage of pgrowlh ET 0.66 kT = 0.123 + 0.0k47G

(week)

Lvaporation (1) ET 0.90 ET = 0.216 + 0.73E

(0-8 weeks growth)

* Between 10th and 16th week.

G - weeks after planting

Table 9. Influence of soil moisture regime on consumptive water use of
rice (May-September 1971).

Moicture Regime Consumptive water use
(cm/crop)
Saturated, no ponding 60.0
Flooding, *0 DAS hh .8
Flooding. 35 DAS 50.1
Floodi:, 5% DAS 31.3
Alternate flocding 39.8
Reinfed bunded free drainage 46.0

Lsp (.05) 1h.o
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The experiments conducted al, IRRI in the Philippines indicated a
high corrclution of duily cvapo-transpiration with solar radiation
(r = 0.85), with o mean value of solar radiation of 347 mm—cul/cm”/day
and BT of W mn/day (LERT, 196h: Johnson, 1905). The results of some
studics by De Datta et al. (1963) indicatod Lhil, Lhe correlation between
the evapo-transpiration and solar radialion wis sionificant, (r = 0.05%),
Gbviously the solar radislion was not, bl only factor responsibile for
the evapo-transpivation losoers. The cvavo-transpiration/evaporation
ratio was Who mm 1.0 For Lhe valny concon of 1069,

TL mm

The effcels of soil moisture regime and mode of irripgation. The method
of irriration, denth of submercoenes, and plant popnlabion have ao sipni-
ficant effoeet o cousumplive water use of riec.  Leonnrd (1048) ob-
served in Japun Lhal rice did betber if Ghe wiabor o deep immediately
after trancplanting and shallow b Lillering sbagre. liynhori and Amaya
(1972) 2lso reported from Japan Bhal Lhe waber consumplion on Lhe dried
ficld was abou'. Lhree times as hizh as on the ponded ficld. On the
contrary, Puande and Mitra (| T reported from Iodia Lhal bthe trans-
piration, cvaporation and perealation losses all incereasced with Lhe
level of submerircne.,

Frperiments condueted al fbadan indicale o sipnificant effect of
501l moisture repime o consumplive water use (Table 9. The mexbmunm
consumplive use was recorded for conlimmous Ly ponded treatments.  With-
holding Mooding until 49 days after planting also reduced bLhe consunp-
bive waler use. Consumplive wiler use of painfall rice of b0 em wag
also identical to treatments where submerience was observed.,  This
mplics Lhat under rainfal ] condibion: o imilar to Lthat of Tbadan, o
suceesstul rice erop under hydromorpiiic (valley botton) soils can be
grown without, supplementa’l irrisation.

Effect_of land preparation melhods on consumplive water use. Bradfield
(1970) sugrested Lhat o desirable albernative Lo soll puddling for rice
cultivation might, be Lhe practice of furrow irricabion for frrowing rice
on non-puddled soil.  Fxperiments have been conducted at IRRI to evalu-
ate the cffcets of Lhis altbornnt. system on consumplive water use and
grain yicld of rice. The wilep roeauired foroland presaration in Lhe
lowland ficld was cotimabed Lo be 1o mi, el Lhalo i Lhe non-pudd led
field was only (% wm.  The dik by vate of wabler use wan 7.0 mmn/duy and
3.30 mm/day for Lhe puddled and non-suddled Lrcntments, respectively.,
Averapged over the wholee rowing senson, e caonsnumphive walor use of
the non=puddled Uietd was only W pevecnt, of Ghal, from e puddiled
field. Gimilar resulbs of Ghe wiler requiremen' o for land proeparation
in the Philippines have been reported by Kanpen (1970).
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Summary

The consumptive water use of rice depends on factors such as
climate, variety, leafl area index, growth duration, method of irrigation,
depth of submergence and land preparation. The results of consumptive
water usec, therefore, vary from region to region. The evapo-transpira-
tion of rice can be approximately estimated from the data of solar
radiation and pan evaporation. However, the empirical relations have to
be experimentally developed for each region.  The evupo—transpiration/
evaporation ratio is generally constant for a iriven region.
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3. EFFECTS OF DIFFERENT SOIL MOISTURE REGIMIS

IN PADDY ON GROWTH, YIFLD OF RICE

Traditionally rice is |, rown in flooded soil, with irrigated rice
accounting for W0 percent of tHtul rice production in south and south-
east Asia (Barker, 1970). The system of flooding rice is widely prac-
ticed, althouph reuwsons are complex and not well understood. Weed
control when submersed is one such reason., Depending on soil Tactors,
fertilizer efficiency and nulrient availability moy also be better under
flooded Lhan under upland condilions. With the cconomical availability
of herbvicides, however, the role of flooding ana even puddling for weed
control is now questionable. This subject. will be discussed in other
chapters.

A considerable amount of research on the effects of tTlooding and
mid-scason drainugse on rice has been done in Jupan. Yoshino and
Kawasaki (1993) reported from their studies on directly-sown rice that
flooding from sixth-leal stage pave the highest ¢rain yield. These
findings were supported by subsequent cxperimentation by Amatatsu et al.
(1954) who obscrved Lhat irrigation in the inilial staces resulted in a
vigorous jrrowth only in Lhe veprelalive stape of crop growth. With-
holding irrvication in the initial stapes suppressed vepetalive growth,
but the grain yicld was 10 percent hipgher than in the continuously sub--
merged treat. ont. The research conducted by Arashi (1955%) and Baba
(1956) (reported by Yamada, 106h) indicated that midscason drainage
produced 30 poercent more pgriins Lhan the undrained plots. The highest
prain yicld was obbained by withholding the waler supply from 25-3%
days before he udin- Foyema ot al. (1960) also observed that drainage
of paddy ficlds al rporal initiation stage favored more tillers per
plant than Ciclds under continuous submerpgence.  Miyasaka (1970) re-
ported that drainage reduced the water content of leaves, increased the
N uptake by the roots (ns oo result of increased root activity), in-
creased the photosynthetic activity during ripening stapge, and conse-
quently incressed the orain yield. The Uime at which paddy was drained
between tillering and headip,. otapes also al'fected the distribution of
carbohydrates (sowrec/sink selationship) but not the Cinal prain yield.
Hashimoto (1070) veported tnal surfac irrigation gave higher yield
than continuous floodin: for a clayey soil,

The cxperiments conducted in South Asia have produced results
which cannot be seneralized.  Chiadhry and Pandey (1965) reported the
highest yield for submer, once ap Lo 10 em depth till flowering stage
followed by drainage.  Tonnr ol al, (1971) reported the hiphest yield
under continned submereence.  Singh and Pande (1972) conducted field
experiments Lo compare srain yiclds from conbinuous submeryence (10 Lo
15 em), eyclic submersenee (O Lo 15 em), eyelic webtime-drying (between
saturation und ficld capacity) with thal of natural precipitation.
Continuous submerpence nave the highest yield. Upadhya and Datta
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(1973) reported only a slight decrease in rice yield by midseason
drainage. lNasarajah et al. (1973) reported from Sri Lanka that when
IR-22 was either cont inuously flooded or drained for 2-10 days at
primordial initiation, the drainage did not increase rice yield during
either of Lhe tLwo prowing seasons.  Sheikh (1973) reported that the best
srowth was oblained with continous flooding of the soil. A combination
of drainage for four wecks followed by [looding for eipht weeks resulted
in chlorotic plants and poor growth. The increase in the Fe concentra-
tion in the plant tigsucs following Mlooding was correlated with the
best prowth (flooded Lreatment), unless il was accompanied by high Mn
levels (drained and flooded treatment) vhich proved toxic. The work
done in Tndia on thin aspuct has indicated that non-submergence of rice
fields was detrimental Lo the vield unless the soil profile was satura-
ted or partially saturated (AliQ et al., 197h). On the other hand,
Kanwar et al. (197h) found that Lhe best vield of rice was obtained

when the soil moloture regime was between saturation and a suction of
0.1% atmosphere, s compared with that of flooding to a depth of 2.5

to 7.5 em of waler. The work of Jha ot al. (1975) attributed the
benefils of flooding to upltake of Fe and Mn. They concluded that land
submergence could perhaps be dispensed with, if these nutrients were
foliar applied., provided Lhe soil wis kepl. moist (suction not exceeding
0.3 bar) and Lhere wos oo weed conlrol.,

Research has alsce been conducted in other sub-lropical or tropi-
cal repions to investirsate tLhe optimun moisture regime of rice. Bula-
nadi and Aldaba (1998) reportesd higher plunt heipght and yield for in-
termittent, irvipgation compared with those of continuous irrigation. In
Brazil, Bernardes (1999) showed Uhal draining the fields 20 to 30 days
after emerpence, nnd unbil the dants showed signs of wilting, produced
the highest grain yiclds. Experiments conducted in Jordan (1958)
showed that rice yiclds were diveetly related to the water supply at all
stages of prowthi.  Bulandi et ol. (1959 and 1959) produced contradict-
ory resulls in tvo separate studies.  Hall (19%59) concluded from his
exreriments that Lhe advantape of drai.f.pr rice fields is the ease of
fer . ilizer application. Inyi (1963) ‘ound Lhal Lhe critical period
for waterilorsesing of rice was four woeeks after Lransplanting and that
water logping:g -8 wocks ofter transolanting favored higher prain yields
than did carlicr waterlogsging. Grist (1969) has maintained that paddy
should be planted in o properly sosked field and that the depth of the
water should be increased with pl it rowlh until the depth is 15-30 cm
of waler. Paladia +nd Vergora (Lo reported that the survival of rice
seedlings altber complote sublereence deeroased with incereasing duration
of' submergcnaer.,

A critical appraisal of Lhe Literature reported indicates that
soll should be kept near saluration for optimum vice prowth. The bene-
ficinl or harmful offveets of drainare ot various stogres of growth
depend on several interacting factors including soil properties,
nulrient, status and noil comporition, weed infestation, climatic con-
ditions and Lhe history of Lhe field iLself, in addition Lo significant
varietal differences.
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The effects of depth of floodin: has also been investirated by
rumerous researchers. Bulandi et al. (1959) did not find any differ-
ence in rice yield for five submerpence depths from 0 to 20 em. Pande
and Mitra (1971) observed that under three levels of submergence (0, 5
and 10 cm depth) the highest eviapo-transpiration corresponded with the
highest submerrence depth.  Sahu and Rath (1972) found that yield
reduction of 12~ percent occurred when Lhe depth of submeresence was
decreascd from 10 to 7.9 and to 5 em, roegpectively.  Bxperiments con-
ducted in the Philippines by Sanches (1973) to determine the factors
responsible for beneficial offects of suddling and submergence, indi-
cated that the advantapces of puddling tropical soils are directly or
indirectly related to decreasing water losses and not to increasing
the nutrient supplying capability of the soil. In ceneral, puddled
flooded treatments produced yields similar to other treatment combin-
ations. Gorantiwar ot al. (1973) observed no differcnees in rice
vield between two submergence depths of b oand 1 cm of water. Similar
results were reported by Singh ot ol (1975) and Morues and Freire

(197h).

The: results of water manapcement experiments conducted at ITTA,
Ibadan, on sandy lomn Alfisol are compaured in the following section
with those oblained ol IRRL, Philippines, on heavy soil with vertic
characterictics. The cxperiments at, TITA were conducted on field
lysimeters.  The chemicnl characleristics of Lhe soil are shown in
Appendices (See pg 2760 results of waler Lreatment on plant ;rowth
and grain yicld arce discussed helow.

(i) Plant height and Lillering: behavior

Plant heipghts at different. prowth stapres ic shown in Table 1.
Plant height wus not siynificantly affceeted by various moisture re-
gimes, althecurh Lhe lowest height was obbained in lysimeters with a
moisture regime involving soil near soaturntion but no submergence.,
Generally, plaent hcight was higher in submerged and in lysimeters
with cyclic submergoence Lreatments.

Tiller count,, however, was significantly affected by different
soil moisture repgimes (Table ). The maximum Liller count, was ob-
served in lysimcters wilh no submersones and in rainfoed treatment. 1t
is apparent that submerpgence may slightly inerewse Lhe plant height,
but it suppressces the Lillering capucity of rice. Similar observations
were madce in Lhe grecohouse studics, reported in Chapters 6 and 7.

(ii) Leat arca index (LAL)

Table 3 presents Lhe data of the leafl arca per hill as influ-
enced by different moisture regimes.  The leal aren wis sipgnificantly
different amongst, various moisture Lreatments, and it increased with
the length of period for which the plants were submerpged.  The lowest
leaf arca was mcasured in the rainfed treatments, and the highest in
the treatments with flooding continued from the initial stoges of frowth.
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Plate 1. Field Layout of the lysimetric set up.

Plate 2, Microclimate measuring equipment,
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Table 1. Plant height (zm) at different DAS (IR-20).

Plant height (cm) at different days after seeding

Treatment ~

25 32 39 W 53 60 67 Th 81 88 95
Saturated soil, .
no ponding 38 46 55 70 78 85 9k 96 101 107 11k
Flooding 20 DAS 43 55 70 80 92 95 1oh 108 108 117 122
Flooding 35 DAS 38 50 60 75 83 91 98 102 107 112 123
Flooding 55 DAS 35 43 51 67 76 84 93 96 103 109 116
Cyclic sub-
mergence ho 57 66 79 90 94 99 105 110 116 124
Rainfed (bunded) 37 M6 56 71 78 86 92 93 100 108 117
Table 2. Tiller count (per me) as influenced by different soil

moisture regimes (TR-20).

Treatment, I'iller count (no{m“) ab dlffereét days after §eed1ng
2 32 390 Lg% 53 60 67  Th 81 88 95

Saturated soil,
no ponding 30 70 1340 1600 1780 1710 1870 1870 1760 1810 1800
Flooding 0 DAS 50 90 1200 1610 1720 1640 1550 1660 1710 1690 1690
Flooding 3% DAS  h0 70 1530 1770 1870 1780 1690 1680 1640 1680 1670
Flooding %% DAS ko 60 1370 1670 1860 1910 1870 1920 1800 1810 1800
Cyclic sub-
mergence 50 70 1190 14ko 16h0 1620 1550 1830 1650 1660 1650
Rainfed (bunded) ho 60 1490 1900 1900 2150 2120 1530 1780 1800 1800




Taeble 3.

Leaf area (cm®/hill)

(2) lMeximum tiller stage (35-50 DAP)
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Plant Saturated, Flooding Flooding Flooding Alternate .
or hill no ponding 20 DAS 35 DAS 55 DAS flooding Rainfed
I II III I II 1III I II 1III I II 1III I II 1III I I 1III
1 157k 250 &34 3470 863 691 1008 8Lo 123501528 1871 Loo b7l 909 533 3LT 347 1198
2 1257 503 1145] 338 1828 55§ 1227 669 127h{1k21 321 282 1443 Lhg 30§ 200k 437 589
3 1987 6L 224 209k 75k 98y 859 101k 36L| 1162 1892 h4éd 981 589 793 462 809 305
L 1872 Lzs 5312608 781 3853 123k 1501 90 1107 506 327 2268 225 1344 2821 476  LLk
T TO91 1833 2733| 8510 L226 6099 4327 %033 L278] 5217 L600 1STY T163 2171 29TYH 5632 2069 2535
Mean 971 1569 1053 950 1026 853
(v) 50% flowering stage
1 1053 86k 252/ 1121 870 7Lkl 629 229 2L16] 757 966 733 1326 385 863 758 877 1532
2 851 811 629| 918 1526 1619|1698 2852 759 6Lg 832 L34 1022 1070 1667 LBL 763 1kh1o
3 876 857 768] 1659 2299 1339 708 917 865 680 1087 414 1891 980 1397 768 122k 1155
L 986 1hk22 812] 699 952 6i0/1991 1028 14931 2129 2065 534 1172 1677 1227 599 €82 1088
T 3766 5964 2460|4396 56LT L313 5025 502k 5532|4214 Los0o 2174 s5k10 Lk112 5155| 2607 3546 5233
Mean 1016 1196 1298 9Lko 1223 9k
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The analyses of the vegetative growth parameters, including
plant height, leaf area index and tiller count, indicate that slight
moisture stress, or perhaps non- submergence with soil kept near satur-
ation, increascs tillering tendency. Whether or not these tillers are
productive depends on soil moisture and nutricnt supply during repro-
ductive phase of growth., While the plant height and perhaps the number
of leaves per choot may decrease with non-submerpgence, the total
number of shoots itsel{ increases. 'The influence ol non-submergence on
the leaf area index (LAI) igs thercfore the result of many various
factors.

(iii) Dry matter production ut various growth stuges

Dry matter production as influenced by moisture regimes for
various growth stages i shown in Figure 1. Dry matter production at
90 days after planting was in the order: submerpence 20 DAP > cyclic
submergence > submergence 3% DAP o orainfed s suaturated soil, no sub-
mergence >  stbmergence 5% DAP (Table h). There were no differences
in the dry matter production amongst various Lreatments at initial
stages of crop growth.

(iv)  Grain and straw yield

Grain yicld (Table 5) was sipgnificantly affected by moisture
regimes. Grain yicld was invergsely related to plant height and dry
matter production. 'The treatments which produced less vepetative
growth produccd more ;rains. s long as the soil was kept near satur-
ation and frece of weeds, delayed submerpence produced high prain yield.
S8imilar results have been repo-ted by other workers (Amatsu et al.,
19545 Bulanadi ot al. 19%3; Yumada, 196h; Singh and Pande, 1972
Kanwar ct al., 197h; Jha et al., 1975). The influence of soil moisture
regime on straw yicid is shown in Table 6. Treatments with submergence
from the initial stapes produced higher straw yield than those treat-
ments with Jlelayed submergence, and when soil was near saturation
during the periods of no submergence. 'The prain/straw ratio was 0.27,
0.39, 0.51, 0.59, 0.0, and 0.067, respectively for submergence 20 DAP,
cyclic submerpence, submerpgence 35 DAV, rainfed, saturated soil with
no submergence, and submerpence 9H DAD.

The influence of soil moisture repimes on other yield components
such as panicle length, number of graing per punicle, Tloral sterility
and weipght of 1000 graings is chown in Table (. Humber of pgrains per
panicle and panicle lenyth were affected by soll moisture repgime in
the order similar to that of total grain yield. The computations of
water use efficicency, the prains produced per unit of water consumed,
differed significant.ly wmongst various treatments (Table 8).  The
highest water use efficicncy for prains wis obtained for the treatment
with submergence defoerred unlil 5% DAY, The Lreatments next in this
order were rainfod and that with submerpence deferred until 39 DAP.
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Effects of soil moisture regime on dry matter production
of IR-20 at different growth stages.
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Table 4. Influence of soil moisture regime on dry matter production
of IR-20 paddy (1971).

Yield parameter Molisture regimne "SD
(.05)
1% 2 3 L 5 6
Mean plant height
(cm) 115.3 | 11k | 209.6 | 110.9 | 1186.8 | 112.1 9.3
Dry matter 40O DAS
(g/plant) 1.92 1.67 1.25 1.37 1.14 1.26 0.80
Dry matter 55 DAS
(g/plant) 7.13 6.00 h.50 h.88 4 .29 4.57 2.7h

Dry matier 70 DAS
(g/plant) 32.33 | 28.54 | 22.16 | 31.93 | 23.56 | 23.06 9.50

Dry matter 90 DAS
(g/plant) b5.60 | 36.02 | 26.48 | 38.44 31.05 | 30.24 12.4

Grain yield 90 DAS
(g/plant) 5.4 3.63 2.9 b .66 3.58 .ol 2.32

*For description of treatment nurber, see Table 5, below.

Table 5. Influence of soil moisture regime on rice grain yield (May-
September 1971).

Treatment Grain yield (%/ha)
1. Saturated soil, no submergence 3.3 a b
2. Submergence, 20 DAP 2.26 a
3. Submergence, 3% DAP 3.62 a b
k. Submergence, 55 DAP h.3h o b
5. Cyclic submergence 2.35 ab
6. Rainfed (bunded) 3.63 ab

L3SD (.05) 1.51
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Table 6. Influence of soil moisture regime on straw yield in rice
(May-September 1971).

Treatment Straw yield (t/ha)
Saturated soil, no submergence 5.69 a
Submergence, 20 DAS 8.22 a b
Submergence, 35 DAS T7.45 a b
Submergence, 5% DAS 6.51 a b
Cyclic submergence 6.00 2 b
Rainfed (bunded) 6.18 a b

LD (.05) 2.08

Table T. Influence of soil moisture regime on yield components of
rice paddy (May-Geptember 1971).

Panicle Number of Floral Weight

Treatment lenpth grains per sterility of 1000
(cm) panicle (%) grains

Saturated soil,

no submerpence 26 b 172 22l 19.3
Submergence, 20 DAS #h.S 15h 21.9 19.7
Submergence, 3% DAS 27.6 148 27.0 19.0
Submergence, 55 DAS  26.0 158 21.h4 18.7
Cyclic submerpgence 26.9 153 26.7 19.0
kRainfed (bunded) 26.0 156 19.3 20.7

LoD (.0%) 1.8 39 I




36

Table 8. Water use efficiency of rice as influenced by soil moisture
regime (kg of grains/mm of water), May-September 1971.

Treatment, Water use efficiency (kg/mm)
Saturated soil, no submergence 5.72
Submergence, 20 DAS 5.0L
Submergence, 35 DAS 7.62
Submergencz:, 55 DAS 13.87
Cyclic submergence 5.90
Rainfed (bunded) 7.89
LsSD (.05) 5.0

R S by v R

Plate 3, Pan evaporimeter instzlled in the field.
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The experimenic conducted at IRRI pgave results similar to those
obtained at IITA. In an experiment conducted during the 1968 wet
season, IR-§ produced similar yield under rainfed and flooded paddies.
H-b, a tall variety, produced more yield under rainfed than under
continually flooded conditions. There was o fairly high percentage of
unfilled ¢rains and a low prain/suraw ratio in H-h under shallow and
deep continuous flooding because of severe lodgring.  The unit grain
weight, however, was not ulfeccted by water managcement treatments.,

The most satisfactory regime in terms of prain yield was the
intermediate continuous flooding. Water use efficiency, liters of
water required to produce 1 gmm of grain, was Lighest when the soil was
kept at continual saturalion. Drainage at maximum tillering and pan-
icle initiation reduced water nuse rather than increasing grain yield.

An increase in the depth of submergence decrecased Lhe number of
plants/m< in an experiment, conducted at [KRI. The plants prew taller
and the number of btillers and the panicles per unit arca was reduced,
though lodying at harvest was much greuater in the deep flooded plots.
Mid-seasca drainage at the maximum Lillering, panicle initiation, and
heading stages reduced lodging, but increased weed population.

General discussions

One of the main advantages of continuous submerpence of rice is
the weed control, though therc is a general belief that a small amount
of nitrogen fixation also occurs under continuous submergence (Watnabe,
1975). If weed control ic not o serious problem and water control can
be provided to cnsure a sulurated profile, then continuous submergence
is not only unnecessary but can also have some deleberious effects on
grain yield.

As shown in the literature review, the beneficial aspect of
draining the rice field is also a controversial issue. The advantages
of deferred submergence, however, arce well documented and can be par-
tially attributed Lo a better utilizution of nitrogenous fertilizers.
Fertilizer losses can be particularly sicnilicant for a sandy soil
where leaching losses of nitrogen are Likely Lo be high under saturat-
ed flow duc to positive hydraulic head under conlinuous submergence.,
Nitrogen losses under ficld conditions al TIPA wore obvious, because
it wus necessary to make u frequent application of fertilizer to meet
the nitropen demiand.  This can be one of the reasons for a significant
inereuse in prain yicld when flooding was deferred until %% DAP.
Similarly, the higher yiclas under cyclic submergence, saturated soil
with no submerpence, and submerpence 35 DA over thal of continuous
submergence moy be atbributed to an cflicient ubilization of applied
fertilizer. 'This is further evidenced by the analysis of the grain
yield components and straw yiceld under different soil moisture regimes.,
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4, IHFLUENCE OF WITHHOLDING TRRIGATION

ON GPOWTH AND DEVELOPMENT OF RICE

The majority of rice grown in the world is rain fed. Without
adequate Tacilities for irripation, even paddy rice suffers from water
stress during dry periods. Most of Lhe rice (upland) grown in West
Africa suffers frow Crequent droushts. Rice yield is low under these
conditions. The adverse effccts of soil moisture stress on rice are
related to tLhe functions of water within Lhe plant. Water is nceded
as: (1) a constituent to cell protoplasm, (2) a reactunl or reagent
for chemical actions, (3) a solvent for organic and inorganic solutes
and gases and (M) for providing mechanical strepgeth to plants. Only
5 percent of the water wbsorbed is needed for these vital processes
(Kramer, 1909). HNincty-five percent of the water absorbed is lost
Lhrough Lhe vrocess of evapo-transpiration.

Althoush the literaturce is full of research done on various
aspects of plant-wuater relationships (Krumer 1959, 1969; Slatyer 1960,
19625 Vaadia 19615 Penman 196733 Gurdner 19653 Salter and Good 1967;
Jacobs et al (&d) 197h; Van Keulen, 1975), little has been done on the
practical aspects of the problem. “The results available cannot be
often generulized because of the insufficient information obtained on
the physical environments in which experiments were conducted. TFor
example, an caperiment designed Lo investirate the elfect of soil-
moisture stress is incomplete it It does nol include monitoring the
relevant characteristics of coil, plant and micro-climalic environments
of its immedinte vieinity. The plant response Lo soil moisture regime
is not only o function of the availability of soil moisture, but also
of the physico-chemical propertics of soil, climatic conditions, nature
of the leaf canopy and stomatal structure, in addition to the treatments
imposed by the researcher,

The study of the influence of soil moisture stress on rice
growth has attiracted the attention of various researchers. It has been
well known thal drought slress depresses rice yield, particularly if
it occurs during the flowering stapge. There also exists a critical
drought stress for optLimum rice prowth. When the duration and the
magnitude of stress exceeds Lhis critical limit, only then d-ce there
occur a sipnificant detrimental c¢ffect toward the economic components
of rice production. This "criticul soil moisture potential", of
course, depends on various factors, including soil characteristics,
genotype, and the evaporative demund of the atmosphere. 1t is, never-
theless, important to identify the critical levels of moisture stress
for important cultivars or genobype.

Bhatia and Dostane (Lo71) reported that soil meisture tenslion
of 0.4 atmosphere caused sipnificant yicld reductions as compared with
continuous submergence with -8 em of standing water. On the other
hand, Draganov et al. (1971) observed that continuous submergence was
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not necessary, and that when ricc was grown at 80 percent of the soil
Tield capacity, the total pluant weipht on the 18th and 23rd day was 30
and 50 percent hisher respectively than when rice was grown at full
field capucity. luch useful work along these lines has been reported
by Ghildyal from India and other rescarchers elsewhere (Ghildyal, 19715
Krupp, 107L; Duha et oal. . 1973; Hephade and Ghildyal, 197h; Sharma et
al., 1979). Junn and De Datta (1971) also found that the optimun soil
moisturce conditions for high yields is between the maximum water hold-
ing capucity and the ficld-soil moisture cooacity. Cimilar results
have boeen reported by Foalyanikutty ot ol. (IOYO), Mane and Bastane
(1971), and ilaphade and Ghitdya) (1970).

There con be various reasons for Lhe yiceld depressions as a
result of drousnt otress.  Many researchers have abiributed yield
decreawse Lo o reduction in Lhe uptake of cscont al nutrient clements
under the condition of deleterious bevels of drourht.  For example,
Pande and Cinch (L970) observed bthat the concentrations of i, P, Fe
and M o plants were the highesl under continuous submergence compared
with She strocced Sroatments.  2orantiwar ot al. (lQY}u, h) reported
from o pot cxperiment, with black soil that zero drousht stress, 300 cm
of witer cuction and 700 em of water suction suppressed the uptake of
Poand . Oahooet ol (L973) reported creater uptake of P, K, Zn, Fe
and Mn under submerpged conditions.  Slmilarly Hoephade and Ghildyal
(197h) attrivuted yicld reductions under drousht stress Lo a decreased
availability of 0, P, ¥ and Fe.o  Obermucller and Mikkelsen (197h) re-
ported that [looded plantz absorbed more P, Fe and 01 than non-flooded
treatments under drought stress, and that the latter showed higher
accumulabion of ¥, Mn and Zn. Sharma ot 21, (197%) also reported that
flooding pgencrally resulted in higher uptake of nutricnts.

The bencficial offects of optimum moisture regime have also
been attrivuted to superior lea! index area (Singh and Pande, 197h)
over the plants which had been subjected to droupght stress.  Many
researchers have attributed yicld depressions by drought to its influ-
ence on the root cystem of rice plants \sec Chapter 10). Pradhan et
al. (1973) reported Lhat root porosity was higher under submergence,
though root length increased with increasing moisture tension at 0-1000
millibar suction. Charma et al. (197%) found higher CEC of the roots
with saturated soil conditions than when the soil was maintained at its
field capacity.

jecause the actual consumptive water use of rice plant is not
morc than other upland crops pgrown under similar soil and environmen-
tal conditiong (Uhuptcr 2), various workers have ailtributed the bene-
ficial effects of saturated soil conditions on rice to the anaerobic
conditions in its rooting media. Verade, Letey and Stozy (1971) ob-
served o trend toward increasing Liller production under low levels of
acration, thowsh O, level did not have o significant ¢ffcet on root
porosity. However, the amount of water necessary per urit dry matter
production was higsher under lower 0. conditions. daphade and Ghildyal
(197h) reported that rice growth and yield were optimuwn “n the semi-
aerobic conditions.
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Although the literalure revicewed indicates some factors affecting
yield depressions due to drougsht sbLress, this does nol point much toward
the critical level of soil ioisture suction that can result in signifi-
cant yield reductions. The results of experiments conducted at IITA and
TRRT on soil moisture stress and erop response {follow.

At TITA, tLhe characteristics of the soil used in the greenhouse
experiments are shown in Appendices 1 oand 2. The records of daily eva-
poration and weabher records urder the greenhouse conditions are shown
in Appendices 3 and M. Come results are also shown in Appendices 5-19.

The cumulabive coil moicture stress was computed for cach of the
unsubmeryged treatments by wensurin: arew under Lhe curve of a4 plot of
daily mean bensiometric roading during bthe prowing period.  The unit of
this cumuintive ctress io referred Lo s em=days.

There were sipnificant. of fects of moisture repimes and plant
varietics on most of Lhe growlbh paramebers cevalualed.  The analysis of
variance table of 1 pratio for different parancters is shown in Table 1.
U ds apparent, from She dota that proein and ctraw yield, unit weight of
graing, number of crains per panicle, Liller count, {loral sterility,
nunber of days of maturity, root weight and leafl area are aiygnificantly
affected by soil mointure rogime. The varictal effect is also highly
slpgnificant for unlt welgsht of mraing, panicle length, straw yield,
Liller connt, root lensth and weigsht. The unit grain weight, root
length and welcht, sbraw yicld and paniele lewsth are hicher for 056
variely Lhan Lhat, of IR0 under peecnhouse conditions. TR0, however,
has o higher titler count than 006, The inLteraction belween water
repgime and the voaricty io siznificant only for Liller count and the
number of days to mntarity,

Consumnptive wator nge, Th+ totul amownt of water recguired In a rice
crop ags influenced by the soil moisture regime is shown in Figure 1.
The evapo-trunspiration decreased cxponentially with increasing level
of' goil moisture stress.  There were sipnificant varietal differences
in the cvapotranspiration of 036 and TRP0 under the same level of soil
moisture stress.  Pecause 056 is o tall leafy variety, its evapo-trans-
piration was significantly more than thal, of TR20.

Plant, heigsht. i"Tant, height, of TR20 and 056 under different soil
moisturc regimes in shown in Table 2. Althourh 056 is taller than IR20,
the relative decrease in plant heicht with incereasing level of soil
moisture strens was rroeater for TR20 than that of 056. 006 maintained
superior vepretative growlh at all lTevels of soil moisture regires
investipated,

Leal arenand Liller count, Beeanuse Lhe bipper leaf area of 086 was
partially compensated for by lower Lillering capacity, its total leaf
area wus not significantly more than that of TR20 (Table 3). Total leaf




(1)

(2)

Plate 1. The central perforated irrigation tube

Plate 2, Irrigation was regulated by tensiometers
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Table 1. Analysis of variance table of F ratio.

Vari- Grain Wt. of No. of Pani- Straw Tiller Floral Days Water Root Root Leaf
able rield 1000 grains/ cle yield count steri- to ma- require- length weight area
Source grains ©panicle length lity turity ment

Water

A

s

regime  6.357  L.20"% L.g1™F o 7LE¥ 3 gg®F 7 o0®F 5 3LTF g q1¥F g 35FF 5 ggEr g oo¥x jg ) *¥

(W)

(V3]

Variety . % . o wx - s
(V) 5.0L%¥  27.29"F 2.38 13.01%%  20.00%" 234.80"% 2.09 o0.25 3.23 1c.01%% 5.50%% 2.8
WXV 1.03 1.3L 0.2L 1.20 1.2k 3.2%  0.55  3.60%* o0.76 1.05 0.76 c.62
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Teble 2. Influcnce of soil moisture regime on plant height.
Treatment 9/6|16/6| 24/6 [30/6| 7/7 |14/7 |21/7 28/7( 4/8 |11/8 |18/8
(e) TIR20

Zero

suction| 31.7[k8.0| 59.3 [74.0]90.0 |9h.7 {99.3|100.0 103.31103.0 | 105.0
250 cm

suction[ 31.3{k1.7| 55.3 [6h.0|71.0 |77.0 |77.3]| 80.7 81.7185.0 | 85.0
500 ¢m

suction| 35.7|47.3] 59.7 163.0{65.7 |67.3 [69.0| 70.7]| 71.3 72.3 | Th.3
T50 cum

suction| 3h.0{h7.0| G1.0 |63.0]64.5 [Gh.5 |6h.5 6.5 64,5 168.5 | 70.0
Submeryg-
ence 20 | 33.31h2.0[ 55.0 |65.7180.3 |92.3 [98.0 101.7 {L03.3 LOk.0 |106.0

DAS
Submerg.
35 DAS 32.7|43.0] 52.7 [61.012.7 |82.0 |82.7| 90.3 91.7 [94.3 |101.7
submery.
55 DAS 30.7139.0] 50.0 [56.7163.3 [67.0 |71.7] 86.7 |93.0 |96.7 | 98.3
Irriga~
tion at | 31.3(36.3 | 48.7 [53.0[57.7 |58.0 [59.3| 61.0 62.7 |64.3 | 6L.7
leaf rolling

(b) 086

zero

suction| 51.0(66.7 | 85.0 |97.0 112.3(119.0{130.3]137.0{241.0[148.0 167.3
250cm " | 51.01{67.3 1 86.0 {93.7 [100.0(118.3 |128. 137.3(143.0 [1h6.7{152.0
500em " F W75 165.5 1 81.0 |84.5 [ 96.0]10k4.0|119.0{119.5 125.0 [128.5]13h.0
T50cm " | 5h.r[69.0 | 85.7 [90.0,95.71 97.31102.0{108." 118.¢ 126.7{133.3
Submerg,.
20 DAS 50.7166.7 | 84.7 198.0 117.3(139.3 [1h7.0 [153. 158.7 L7h.3{20k.T
Submerg.
35 DAS h8.0 6h.3 | 80.0 [93.0 floh.7|123.3 30.0 [136. 145.3 p62.3|187.7
Submerg.
55 DAS Sh.0165.7 [ 79.7 |90.7 [L05.31109.7 12k.3 [136. 149.0 L57.01167.0
Irrig.
at leal | 51.365.0 [ 78.7 |81.7]88.7] 87.3 [102.3 [106. 107.0 L08.7 109.0
rolling
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Table 3. Maximum tiller count and leaf area affected by soil moisture
regime.

Tiller count/plant Leal area, cmg/plant
Soil moisture regime

IR20 086 IR20 0S6

Submergence 20 DAS 28 16 3000 3852
Submergence 35 DAS 30 15 1535 2277
Submergence 55 DAS 28 10 i233 1199
Zero suction 39 16 3137 3648
250 cm suction 29 10 2224 1951
500 cm suction 26 10 1569 1643
750 cm suction 25 10 986 1292
Irrigation at leaf rolling 20 7 972 672

LSD (.05) 6 6 1005 1005
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area and tiller count, however, was significantly decreased by soil
moisture stress in both varieties.

Dry matter production at various stages of growth. Similar to the field
experiments reported in Chapter 3, the highest dry matter production was
observed in trestment with submerpence Crom 20 DAS (Table W, Fipgs. 2 and
3). It was, however, the treatment with submerpgence 3% DAS that produced
the mazimum dry matter Crom panicle initiation stage onward. ‘There is
also a sharp decline in ithe prowth rate for the H00 and (50 cm of water
suction treatments even in the initial growth stopes. The effect of
accumulative moigsture stress on dry matter production for zero suction
and for the treatments with submergence from 3% and 9% DAS is shown in
Figures 2 and 3 for [R20 and 056, resvectively. 086 has a significantly
higher rate of dry matter production than TR20.  The cffect of delayed
submergence such ags 3% DAS on enhanced roate of dry matter production is
obvious about three weeks after imposing the Lrceatmenl.  Bven though
there wus o significant increase in the rate of dry matter produced for
submerpgence trom 3% DAS after Lhe soil was submerped, this rate was
significantly lower than that of the other two [looded treatments.

Root development. Whereas the root length of TR20 was significantly de-
creased by soil moisture stress,; that of 056 was relatively unaffected
(Fig. b).

The sensitivity of root length of IR20 to even a slight drought
stress is indicated by the sharp declire in its length as moisture stress
increased from O to 750 cm-duys. "The initial decline is then followed
by o plateau in the curve up to a soil moisture stress of 6 x 103 cm-days
after which there is again 4 decline in the curve. Drought stress, how-
ever, significantly decrecased the total root weight for both IR20 and 086
even in the initial stapges of prowth (Table 5). The lowest root weight
was obtained for the hiphest depgree of soil drought stress such as irri-
pation at initial leafl curling. VFor the drought stress levels exceeding
that of 250 ¢m of water suction, 0506 produced about twice as much root
mass as TR20. At low stress or with delayed flooding the root weight of
086 was more by 25-h0 percent.

Grain uad straw yicld. TInfluence of soil moisture regime on grain yield
of IR20 and 056 is shown in Figure $ and Table 5. The highest yield,
similar to the field experiment reported in Chapter 3, was obtained when
submergence was delayed. There was no significant difference in grain
yield between the saturated soil with no submerpgence and the treatment
involving submergence from 20 DAS. There occurs a sharp decline in
yield as the moisture potential decreases from O to 250 cm of water
suction. Under the pgreenhousce conditions, 086 significantly outyielded
TR20 for all the soll moisture repimes investipated. The effect of
cunulative soil moisturce stress on the grain yield of TR20 and 086 is
shown in Figpure 6. There is o definite inecreuse in grain yield with a
slight increase in moigturc stress, followed by an exponential decrease
in yield with increasing soll moisture stress. 'The maxima in the yield
response curve occur at a cumulative moisture stress of about 250 cm-days.
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Effect of soil moisture regime on dry matter produced (above ground parts only) at various
stages of growth (g/plant).

29 June 1971 | 10 July 1971| 2 Aug. 1971} 30 Aug. —,,.| 30 Oct. 1971
Water regine
IR20 0s6 1520 0s6 | TR20 086 IR20 0386 1IR20 036
Zero suction 2.54 5.75 | 13.52 20.96 | 38.L3 19.36 | 123.60 136.50 |L03.90 60L.90
250 cm suction 1.96 5.67 |13.06 16.86 |[31.53 L0.9% | 89.00 122.50 |176.00 358.60
500 cm suction 1.64 L.31 ¢.91 11.13 |21.08 27.79 | 58.50 80.50 |121.00 271.30
750 cm suction 1.30 3.78 L.77  7.83 | 8.97 13.68 | 19.20 31.00 [105.70 232.20
Flooding 20 DAS 3.18 6.10 |13.17 25.70 {45.32 L9.70 [185.50 197.50 |389.00 60L .30
Flooding 35 DAS 1.76 3.36 9.07 13.32 }Lk.05 50.57 |208.00 223.50 |kLk2.40 626.50
Flooding 55 DAS 1.76 1.76 8.29  T.LL |37.09 28.01 {126.50 128.90 [290.00 535.50
Irrigated at wilting 2.60 1.99 5.35 T7.13 [10.72 12.39 | 23.00 35.50 | 88.00 147.10
Mean 2.09 3.71 9.26 12.54 [29.65 34.05 | 91.67 120.11 |239.50 L22.52
LSD (.05) 1.19 4.3k 9.39 51.L6 14k1.18
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Table 5. Influence of soil moisture regimes on grain yield of IR20 and
0S6 (Greenhouse, 1971).

Moisture rerime Variety Grain yield (g/pot)
Submergence 20 DAS 086 260.7 a
Zerc suction 0s6 248.6 a
Submergence 35 DAS 0s6 223.3 a
Submergence 35 DAS IR20 209.7T a b ¢
Submergence 55 DAS 0s6 2h8.2 a b c
Submergence 20 DAS IR20 188.0 a b ¢
Zero suction IR20 | 17 .8abecd
Submergence 55 DAS IR20 5. abcde
250 cm suction 0S6 95.0bcdef
250 cm suction IR20 88.8cdef
750 cm suction 086 57.6 d ef
500 cm suction 0S6 56.7 d e
500 cm suction IR20 26.Te
750 em suction IR20 2h.3 e T
Irrigation at leaf rolling 0s6 19.3 f

Irrigation at leaf rolling IR20 16.7 f
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The straw yield was affected in a manner similar to that of the
grain yield (Fig. 7). The maximum straw yield was obtained for submerg-
ence from 35 DAS, though there were no significant differences in straw
yield among treatments involving saturated soil and submergence at diff-
erent growth stages. ©Straw yield for 0S6 was also significantly higher
than that of IR20 for all the moisture regimes.

The regression equations of grain yield with other parameters are
shown in Tables 6, T and 8. The grain yield, as could be expected, is
most significantly correlated with total consumptive water use. Grain
yield per cm of water use is shown in Table 9.

Nutrient uptake. Leaf and stem samples, coullected at the panicle initia-
tion stage and analyzed for P, X, Ca, Mg, Zn, Cu, Fe, and Mn, showed a
significant decrease only in P concentration for both varieties. The P
concentration decreased from Lk percent to 25 percent for IR20 and
from 35 percent to 22 percent for 086 as the soil moisture stress was
increased from soil saturatior to wilting. It is possible that N up-
take was also affected, but the samples were not analy.ed for N content.
The leaf and stem concentration of other elements analyzed was not
affected by soil moisture regime (Tables 10, 11, 12, 13).

Lodging. There were significant differences in lodging due to both
variety and water regime. Generally 0S6 lodged more than IR20. TFlooded
treatments of 036 lodged earlier than IR20, though both lodged equally
at maturity. Treatments with flooding 20 and 35 DAS were given support
and there was some lodging for floouing 55 DAS. There was no lodging
for the other treatments. High temperatures in the pgreenhouse probably
contributed to premature lodgiag of both varieties. Lodging was related

Table 6. Regression equations of yield with other parameters. (These
equations apply to the combined data of both IR20 and 0S6).

Parameter r Regression equation
Water use 0.93 y = 1.30 x -13.23
Panicle length 0.83 y =21.3 x -377.3
Grains per panicle 0.84 y = 1.81 x -70.6
Unit grain weight 0.62 Yy = 5.89 x +10.33

Straw weight 0.85 y = 0.78 x -26.78
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Table 7. Regression equation relating grain yield with other parameters.

Dependent Independent . ‘

variable variable r Regression equation

Grain yield Unit grain weight  0.62%% y = 10.33 + 5.89x%
" Panicle length 0.83%* v = 377.3 + 21.36x
" Grains/ranicle 0.80%% vy = _70.6 + 1.81x
" Floral sterility -0.55%* y =178.2 - 3.09x
" Straw yield 0.85%% vy = -26.8 + 0.78x
" Days to maturity -0.67** y =851.8 - 5.3x
" Root length 0.63** vy =173.9 + 9.0x
1" R , . ca¥# _ -

oot uxis 0.58 vy = -93.7 + 23.9x

" Root perimeter 0.64** y =-107.3 + 8.6x
" Root weight 0.45%F v = 5o+ 3.1x
" Shoot length 0.74*¥% 'y = 531 + 1.39x

Live shoot weight 0.87** y = -20.2 + 0.92x

" Dead rhoot, weight  0.4o¥ Y= 74.8 + 1.39x
" Leaf area 0.65% -
" Tiller 0.099 -

Grain yield (g/pot) = -38.8 + 0.0024 LA - 0.65 T + 1.29 ET

£

Leafl areu cmg/plant 5

(R® = 0.94)

S
I

= Tiller count/plant

B

Total water
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Table 8. Simple correlation coefficient and regression equations of
yvield and yield components with water use.

Dependent Independent

variable variable r Regression equation
Grain yield Water use 20-35 days 0.78%% y = 69.7 + 9.5 BT
Grain yield Water use 20-55 days 0.69%% y = 12.7 + 4.85 ET
Grain yield Water use 20-70 duys 0.90"* y = 6.8 + 3.12 ET
Grain yield Water use 20-180 days 0.93** y ==13.2 + 1.3 ET
Floral sterility Water use 20-3% days —0.39** y = 21.4 - 0.85 ET

(%)
Floral sterility Water use 20-%5 days  -0.52%% v = 28,2 - 0.51 ET

(%)

Floral sterility Water use 20-70 days —O.SSy' Yy 29.5 - 0.34 ET
(%)

Floral sterility Water use 20-180 days -0.9
(%)

0.1k ET

o
(3
1}
(W8
=
-3
1

O cterili o = lr nlidl . 7 ol
Floral sterility (%) 37.2 + 4 1.69 (BT, 35) + 0.75 (ETp0_55)

- 1.17 (ET20_7O) -
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Table 9. Grain yield/cm of water used as influenced by soil moisture
regime.

Soil moisture regime Variety Grain yield/cm water (g)
Submergence 35 DAS 0s6 1.39
Submergence 55 DAS 0s6 1.38
Zero suction 0S6 1.32
Submergence 20 DAS 0s6 1.29
Submergence 55 DAS IR20 1.23
250 cm suction 0s6 1.19
Submergence 35 DAS IR20 1.17
750 cm suction 0s6 X 1.13
Submergence 20 DAS IR20 1.13
250 cm suction IR20 1.09
Zero suction IR20 1.03
500 cm suction 0sS6 0.96
Irrigation at leaf rolling IR20 0.88
500 cm suction IR20 0.79
750 cm suction IR20 0.65
Irrigation at leaf rolling 0s6 0.63

L3SD (.05) 0.kh9
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Table 10. Influence of soil moisture regime on tissue analysis (%) sampled on 2/8/1971.
(a) 1IR20

Treat Fe Na Mg Ca Mn Zn
-ment S L S L S L S L s L S L S L S L
§20DAS 0.39 0.29 .04 0.02 2.77 1.80 0.34 0.17 0.06 0.06 0.09 .31 0.0k 0.02 0.007 0.002
%35DAS 0.1 0.32 0.03 0.01 2.88 3.00 0.50 0.17T 0.06 0.06 0.08 0.64 0.02 0.02 0.006 0.002
;§55DAS 0.59 0.39 0.02 0.C1 2.70 1.65 0.2% 0.17 0.06 0.06 0.02 0.27 0.0k 0.02 0.008 0.003

Zero 0.4k 0.23 0z 0.01 2.77T 1.52 0.27 0.19 0.06 0.06 0.11 0.25 0.02 0.01 0.006 0.002
£|250em 0.L8 0.3k 0.02 0.02 TO 2.20 0.26 0.15 0.06 0.06 0.33 0.02 0.02 0.02 0.008 0.004
§JSOOcm 0.31 0.23 0.C1 0.01 2.10 2.10 0.31 0.20 0.06 0.06 0.10 0.33 0.02 0.030 0.010 0.005
UD?SOcm 0.39 0.25 0.02 0.03 2.70 1.35 0.26 0.1k 0.06 0.06 0.03 Z1 0.72 0.020 0.010 0.00k

Lea?

rolling 0.36 0.49 0.02 0.03 1.75 2.88 0.15 0.19 0.06 0.06 0.08 0.26 0.03 0.03 0.009 0.002

S - stem

L - leaves
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Table 11. ZInfluence of soil moisture regime on tissue analysis (%) sampled on 2/8/19T71.

(b) 0sé

Zn
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5DAS  0.LL 0.2k o0.0% 0.02 2.8 2.20 0.57T 0.17 0.06 0.06 ©¢.03 0.18 0.04 0.03 0.006 0.003

submergence
[WY)

25DA5 0.53 0.35 0.02 0.02 2.99 2.40 0.36 0.12 0.06 0.06 0.05 0.23 0.04 0.0k 0.010 0.004

Zerc 0.19 0.21 0.02 0.02 2.70 2.00 0.22 0.17 0.06 0.06 0.07 0.37 0.02 0.02 0.008 0.004
250cm 0.28 0.22 0.01 0.02 3.00 2.20 G0.26 0.2k 0.06 0.06 0.07 0.27 0.03 0.0k 0.009 0.004

5C0cm  0.31 0.25 0.01 0.02 2.35 2.25 0.22 0.20 0.06 0.06 0.07 0.31 0.03 0.03 0.008 o0.004

Suction

T50cm  0.286 0.22 0.01 0.01 2.77 2.00 0.2%4 0.19 0.06 0.06 0.08 0.23 0.03 0.03 0.009 0.004

Leaf
rolling 0.34 0.31 0.03 0.03 2.77T 1.70 0.Lk4 0.20 0.06 0.06 0.02 0.23 0.05 0.04 0.008 0©.004

S - stem

L - leaves
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Table 12. Influence of soil moisture regime on tissue analysis (%) sample& on 30/8/1971. (a) IR20

Treat Fe K Na Mg Ca Mn Zn

-ment

S L L L S L S S L S L

o Z
@l20DAS 0.k9 36 06 0.0k 2.25 2.56 0.68 0.12 0.06 0.06 0.08 0.64 0.03 0.03 0.00% 0.003
& .
g|35PAS 0.39 0.36 0.03 0.0k 1.20 2.00 0.73 0.1T 0.06 0.06 0.02 0.47 0.04 0.02 0.002 0.00k
B
L .
3155048 0.20 .32 .05 0.03 .80 1.5% .50 0.17 0.06 .06 0.15 b9 o0.04 0.02  0.007 0.002

Zero 0.32 .32 .03 0.03 .40 1.80 .2k 0.1k 0.06 .06 0.13 .65 0.02 0.06 0.005 0.002
5{250cm  0.26 0.23 03 0.03 2.56 2.15 0.19 0.17 0.06 0.06 0.15 0.15 0.02 0.02 0.010 0.003
o~
>
9|500em  0.39 32 .03 0.03 .56 1.85 .20 0.1k 0.06 06 0.16 .4b9 0.03 0.03 0.008 0.003
[p]

750ecm 0.39 .32 .0k 0.0k .15 2.04 .27 0.19 0.06 .06 0.20 .55 0.04 0.06 0.007 0.004

Leaf

rolling 0.36 AT .0k 0.05 .56 2.10 24 0.1k 0.06 .06 0.18 .37 0.01 0.03 0.008 0.005

S - stem

L - leaves
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Table 13. Influence of soil moisture regime on tissue analysis (%) sampled on 30/8/1971. (b) 0S6

Treat P Fe K Na Mg Ca Mn Zn
-ment
S L S L S L S L S L S L S L S L
20DAS 0.21 0.25 0.02 0.0k 1.12 0.65 0.67 0.27 0.06 0.06 0 22 0.30 0.01 0.03 0.0015 0.002
35DAS 0.39 0.2h 0.02 0.04
55DAS 0.36 0.36 0.03 0.0k 2.10 1.85 0.52 0.17 0.06 0.06 0.06 0.35 0.03 0.06 0.004 0.00k4

Submergence

Zero 0.26 0.29 0.03 0.0 3,00 2.10 0.20 0.19 0.06 0.06 0.11 0.43 0.05 0.03 0.009 0.005
250cm 0.21 0.18 0.03 0.03 1.70 1.0 0.17 o0.2% 0.06 0.06 0.14 0.38 0.02 0.02 0.00k 0.00L

500cm 0.22 0.22 0.0k 0.0k 1.85 2.40 0.17 0.22 0.06 0.06 0.07 0.66 0.05 0.02 0.010 0.003

T50cm 0.28 0.23 0.02 0.0k 2.56 2.10 0.20 0.15 0.06 0.06 0.15 0.50 0.03 0.01 0.008 0.00k4

Leaf
rolling 0.16 0.26 0.03 0.05 1.30 0.4 0.37 0.26 0.06 0.06 0.03 0.32 0.01 0.04 0.002 0.003

S - stem

L - leaves
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to root growth, which was different for different varieties and was affected
by soil moisture stress. A statistical analysis of various growth para-
meters is shown in Appendices 6 through 19 and Table 14,

General Conclusions

There is a critical drought stress in terms of both magnitude and
duration, beyond which the grain yield declines significantly. This
critical level is different for different live varietics and has to be
experimentally determined for each genotype. Depending; on the soil type,
moisture stress of 200 to 250 cm-days or 50 cb and above can seriously
reduce grain yield. Some varieties are sensitive to soil moisture stress
at any stage of their growth. Therefore, each variety or selection should
be evaluated separately for itg tolerance to moisture stress. Any gener-
alization in varietal tolerance to moisture stress according to plant type
and growth characteristics should be avoided until more is known about
physiologicul characteristics and morphological traits associated with
drought tolerance in rice varieties.

Taple 14. Effect of soil moisture regime on root weight at various stages
of growth (g/plant)

2 August 1971 30 August 1971 30 October 1971
Treatment

IR20 036 IR20 0s6 IR20 0S6
Zero suction 6.70 7.86 12.50 15.60 31.01 41.50
250 cm suetion 5.40 3.72 10.50 12.50 7.75 15.00
500 cm suction 3.5h 3.01 10.30 12.00 7.00 13.33
750 em suction 0.47 0.94 7.00 8.00 6.70 13.31
Submergence 20 DAS 7.0k 8.24 11.00 1Lk.60 25.67 45.60
Submergence 35 DAS 8.5k 8.76 10.00 12.00 29.60 46.70
Submergernce 55 DAS 8.08 7.89 9.00 12.00 22.00 28.30
Cyclic submergence 1.11 C.k9 6.00 8.00 5.70 10.40
__________ S Y Ay U
Mean 5.12 5.11 9.53 11.83 16.80 26.76

L.S.D. (.05) 2.h1 1.98 10.65
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5. EFFECTS OF SOIL MOISTURE STRESS AT DIFFERENT GROWTH STAGES

The physiological effects of soil moisture stress on rice yield are
not yet established. Drought stress has becn shown to decrease photosyn-~
thesis and respiration and increase the ratio of respiration to photosyn-
thesis. Decrease in photosynthesis is attributed primarily to closure
of the stoma during water stress. Ralley and Adair (1943) observed that
rice grown under continually submerged conditions was vigorous with more
tillers, and produced more grain and straw yield than that prown under
drought stress. Senewiratne and Mikkelsen (1961) reported from studies
conducted in California that grain yield was 53 percent lower under
non-flooded compared with unstressed conditions. Tissue dehydration has
been rcported to be the cause of decreased vigor and pgrowth (Jana and
Ghildyal, 1967).

The concept of "eritical" stage of growth has been put forward by
many authors (Salter and Goode, 1967; Chang, 1968). It is believed that
the effects of moisturce stress are more pronounced at some pgrowth stages
than others.  Salter and Goode (1967) and Slutyer (1969) concluded that
cercals are morc scnsitive to moisture stress at flowering, and can
recover from mild or relatively briel periods of woisture stress if
favourable couditions can be quickly restored. Matushima (1962) found
that rice is most sensitive to water stress from 20 lays before to 10
days after hcading.

Knowing critical stage of crop growth can help plan management
operations to avoid or minimize the stress. However, greater attention
should be directed to plaat's response after the plant has undergone
stress (Laude, 1971).

The influence of s0il moisture stress on IR-20 was investigated at
IITA from November 1971 to March 1972 using field lysimeters. The
treatments consisted of (i) submergence 20 days after seeding (DAS) and
a suction of 100 em before,(ii) submergence 35 DAS, (iii) submergence
55 DAS, (iv) zero suction at 15 cm depth, (v) 50 cm suction at 15 cm depth,
and (vi) 100 c¢m suction at 15 cm depth. Methodology is shown in Appendix
5, and the results are presented below:

Plant height. Since the moisture treatments were imposed 2C DAS, there
were no sipgnificant differences in plant height until 50 DAS (Table 1).
Thenceforth, plant height followed a trend depending on s0il moisture
regimes. In pgeneral, the submerped plants had vigorous vegetative growth
and more heisht than the unsubmerged plants. This trend in plant height
was consistent throughout the growth period. At maturity, there were no
significant differences in plant height amongst 3 submerged treatments.
Similarly, the plant height of the unsubmerged treatments was not different




Table 1.

Influence o1 soil moisture stress on height /1 (cm)
at different growth stages (November 1971 - March 1972)
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Plant height at different jrowth stares (DA

a

)

N [}
Final
Treatment 2h 31 39 46 53 60 67 Th 81 88 height
Submergence 20 DAS 3l o 51 53 61 66 e 82 91 104 97
Submerpence 35 DAS 32 ho 43 L6 56 63 68 83 ol 101 95
Submergence 59 DAS 33 13 Lk Ly L6 5h 68 85 88 97 o7
Zero suction at 15 em 33 L3 Lk L6 W7 55 63 71 76 81 8Y
50 cm suction at 15 em 3l L2 43 Ly L6 50 58 66 71 82 85
100 cm suction at 15 em 30 Lo L3 L3 L6 52 55 66 69 76 81
LoD (.05) Lh.6 8.0 7.4 7.2 6.3 9.1 9.5 10.6 11.8 8.6 7.2
"F" ratio 0.8 1.2 1.8 2.3 7.7¥% ) .L4% L .o% O.1%¥% 7 5%% 17 0%k g %%
/1 Each figure is an average of 12 plants per treatment.
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Table 2. Dry matter produced (g/plant) at different growth stages.

Dry matter at different days after planting

Treatment
20 35 55 70 90

Submergence 20 DAS [ 0.4k [ 1.80 | 8.16 | 10.08 13.28

Submergence 35 DAS | 0.6L4 | 1.52 .20 110.2h4 21.68

N O

Submergence 55 DAS | 0.52 | 1.08 .76 8.56 12.40

Zero suction 0.36 [ 1.52 | 6.92 8.12 16.00
50-cm suction 0.48 | 1.28 | 6.96 8.68 12.16
100-cm suetion 0.48 [ 0.88 | 5.96 T.32 11.00
LSD (.05) 0.08 |1 0.92 | 1.68 2.52 8.20

"F" ratio 1.60 | 1.74 | h.15* | 1.72 2.00
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from one another, though the least height was measured for the plants
subjected to the highest level of s0il moisture stress. There were
significant differences in plant height of the submerpged plants from
those of the unsubmerged one, the former being taller by 10 to 15 em
compared with the latter. The plants under submerged conditions are
taller perhaps because of the longer culm length.

Tiller count. Although the plant height was significantly affected by
moisture stress, the tillering behavior was not. The numbers of
tillers/m? were not statistically different amongst various moisture
regimes at any stage of crop growth. In fact, an analysis of the data
reveals that the stressed treatments had consistently more tiller count
than the submerged lysimeters (Table 2). Llower tiller count per unit
area was observed for the treatment with submergence from 20 DAS. Similar
results have been reported by other workers (Cralley and Adair, 1943;
Yamada and Ota, 1957; Maurya and Ghildyal, 1975). Lven though the
number of tillers is larger with a slight stress, the number of actually
productive tillers may be less. Most of the tillers produced under
adequate soil moisture levels are productive, whereas several tillers in
stressed conditions are burren. Similar results have been reported by
Have (1959), Chaudhry and McLean (1963).

Dry matter production, Changes in the dry weight of shont at different
growth stages as affected by soil moisture regime are shown in Table 3.
Dry matter was geaerally lower for the unsubmerged compared with the
submerged treatments as from about 35 DAS. The dry matter produntion of
shoots progressively increased with the decrease in moisture suction

and with earlier submergence.

The decrease at 90 DAS in the stressed treatments was 2L
and 31 percent respectively for 50 cm and 100 cm of water suction
compared with that of zero-suction treatment. The dry matter production
with zero-suction treatment at 90 DAS was more than that of continuous
submergence from 20 DAS.

Yield and yield components. Grain yield and yield components affected
by soil moisture regime are shown in Table . Although yield declined
with increase in moisturec stress, and with longer delay in submergence,
the total yield was not statistically significant amongst various
moisture regimes. Grain yield was suppressed by 3.6 and 13.h4 percent
respectively in 50 cm and 100 cm of water suction compared with zero
suction treatment. Similarly the relative decrease in yield as compared
with submergence from 20 DAS was only 4.2, 5.7, and 12.6 percent
respectively for zero suction, submergence 35 DAS, and submergence 55
DAS. 1If the moisture suction prior Lo submergence wus kept near zero
(saturated soil), treatments with submergence 3% and 55 DAS may have




Table 3.
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Influence of soil moisture regime on tiller count

at different growth stages (November 1971 - March 1972).

(number/mg)

Tiller count at

differcnt gsrowth

stages (DAS)

Treatment

25 32 40 W7 5 h1 60 5 82 89
Submerprence 20 DAS 133 | 1750 | 1883 {1940 | 220 { 2320 | 2373 | 2397 | b1 | 2hh3
Submergence 35 DAS 1786 | 1987 | 20532103 | 2257 | 2333 | 2397 | 2397 | 24k0 | 2490
Submergence 55 DAS P70 | 2hT | 298312580 | 27h3 | 2953 | 3010 | 3017 | 3037 { 300
Zero suction at 1% em | 1880 | 2320 2L20|2h97 | 2737 | 2937 | 2063 | 2980 | 2987 | 2990
50-cm suction 1870 | 2127 2200|2310 | 2783 2957 | 2980 [ 2997 | 3000 | 2993
100-cm suction 1700 | 2357 2380(2vho | 26820 | 2903 2993 | 209631 2953 | 2950
L3D (.05) 217 WS O1e) oo G| Ber| 86| 82e| 820 781
"F" ratio LWhfoaoer] 1okl ] Lohe] 1.8 1.21 ] 123 1011 | 1.06
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Influence of soil moisture regime on grain yield and
(November 1971 - Maicch 1972).

yield components.

Grain | Panicle Number of kmply Weipht of Empty grains
Treatment yield lengrth grains per prraing 1000 prains per punicle.
T/Hu (cm) panicles (%) () (%)
Submergence 20 DAS 5.32 02,62 149 9.32 16.40 1k
Submerpgence 35 DAS 5.02 22,31 Lhlh 9.35 15.83 12
Submergence 55 DAS L.65 22.9) 146 12.68 14.07 18
Zero suction 5.10 22. 42 131 11.71 15.97 16
50-cm suction k.92 2L, 28 137 8.18 16.20 12
100-cm suction h.h2 22.21 113 9.45 16.70 11
15D (.05) 0.87 n.s 33 h.26 1.52 6
"F" ratio 1.23 n.s 1.h3 1.22 3.36% 1.63
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outyielded the one with submergence from 20 DAS (See Chapter 4). Tt
1s interesting to observe that soil moisture regime treatments imposed
did not significuantly influence grain yield in this cxperiment.

Panicle length and floral sterility were also sipnificantly
different amongst various treatments investipatod.  The y.eld differences
amongst various trealtments are attributed to differcnces in Lhe number
of full grains per punicle. The maximun number of proains per panicle
vas obtained in the treatment with submersence from 20 DAL, and the
lowest in casc of stressed treatment with 100 em of moisture suction
maintained at 1%-cm depth. The unit grain welpht was not, affected by
soil moisture treatments.

Consumptive water uase. The influence of soll moisture regime on
consumptive waler use (or more appropriately, the wnount, of water required
to maintain the desired soil moisture rogrime) was sipnificantly influenced
by moisturc treatments imposed. In peneral, the hirchest, amount of water
consumed was recorded for the submerged treatment. The earlier the
submerpence imposcd, the more was the water requirement (Table 5). The
least amount of water was used in three stressed treatments.  Similar
results havc been reported by Ghildyal (1O71).

The moisture suction records were obtained in the stressed lysimeters.
The low-lying paddy remained at 100 Lo 150 em of water suction througho- it
the growing period. It is appurent thal cconomical level of rice yield
can be obtained from the valley boltom soil without supplemental
irrigation cven during the dry season (Moormann, 1975).

Water use efficicuey. Wuter use cfficiency of rice, czpressed as kg of
grains/ha/mm of water wdded, 4o influcenced by soil moisture repimes is
shown in Table 6. Viater use efflciencey was the highest in case of
stressed treatments and the lowest under submerped conditions.

However, if cimilor cxperiments were conducted under upland soils,
the recults would have been differcnt,.  These resul ts support the
findings of Moormann and collespucs, and strengrbhen the belief that in
West Africa valley boltom soils should be developoed for rice production.
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moisture repgime at various growth stages (cm).

Amount of water added/lysimeter to maintain the desired

Treatment TO0 DAS 00 DAS Maturity
Submergence 20 DAS 223 33.1 52.2
Submergence 35 DAS 16.5 32.0 51.1
Submergence 55 DAS 10.6 26.8 h7.5
Zero suction 9.0 18.7 32.6
50-cm suction 7.2 15.6 29.9
100-cm suction 0.1 2.6 6.8
LSD (.05) 6.55 9.28 13.0k
"F" ratio 11.80%% 13.ho*#* 18 . ho**

DAS

Days After Seeding
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Table 6. Water use efficiency as influenced by soil moisture
regime (kg grain/Ha/mm of water added).

Treatment

Water use efficiency

Submergence 20 DAS 10.2
Submergence 35 DAS 9.8
Submergence 55 DAS 9.9
Zero suction - 19.6
50~cm suction 18.6
100-cm suction T1.9
LSD (.05) 13.1%
"F" ratio 13.1%
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General conclusions.

1. There are significant varietal differences toward response of
moisture stress to grain yield at different stages of growth.

2. The results obtained at TITA indicate that rice production in
valley bottom soils, conditions similar to those of the experimental
sites, can be economical even without supplementary irrigation but with
adequate water control.

3. If during the initial stages the soil moisture stress is not severe,
it may have some beneficial effects. The plants have a "hardening"
effect if a slight drought stress oceurs in the initial periods of crop
growth. lor example, field studies at I1TA indicated no significant
differences in grain yield amongst treatments that involved continuous
submergence from 20 DAS or submerpgence from 55 DAS.

h, The critical soil moisture stress beyond which the yield of rice
declines is a varictal characteristic, and needs to be investigated in
detail.

5. The consumptive water use is affected by the water management
system adopted.
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6. CRITICAL SOI1L MOISTURE STRESS

Review presented .n Chapter Y indicated that for most varieties,
drought stress at any pgrowth starce can adversely affect rice growth and
yield. But a low level of soil moisture stress imposed in the initial
growth stapges can also have some beneficial elfects. Tt implies
therefore, that therc may be u "eriticul soil moisture potential" for
optimum rice growth. If the soll moisturce stress cxeceds this critical
range, then yield ean be sipnificantly rceduced. This eritical range
of soil moisturc potential may be rather narrow and variety specific.
This concept of delincating the range of "eritical soil moisture
potential™ may be un important nspeet in developing varictal screening
technique for drought tolerance.

Sen and Gupts (1970) reported optimum yield when soil was kept
saturated unt’l pre-tillering stage and then followed by shallow
submergence at tillering and re-saturation but no subimergence at flowering.
Place gﬁ_gl_(lQYl) fornd that submergence from 12 days after emergence
was necessary for sustained hipgh yields. Janu and Ghildyal (1971, 1972)
observed that flooaing throughout the prowth was not nccessary for high
yields, particularly when evaporative demand wus low. Sinpgh and
Tomar (1971) reported high yields with submergence until panicle
emergence.  Similur results have been reported by Bhatia and Dastane
(1971) and Vamad>van and Dastane (1972). However, Lin and Wu (1973)
obtained high.st yicld by continuing irrigation throughout panicle
initiation stapre. In a separate investipgation reported by Vamadevan and
Dastane (1973), withholding water for u 20-day period 90 days after
planting had no adverse effects on rice yield. However, withholding
vater at tiller initiation stapge and at the spikelet primerdia differen-
tiation and flowering stapge reduced yicld from 21 to 27 percent. Lenka
et al (1973) reported that intermittent irripation to maintain the
moisture content, of the so! 1 between saturation and field capacity from
transplanting to peak tillering, followed by o 3-5-cm submerpence until
ripening nroduced hipher yields than continuous submergence of 5 to 5 cm.
But intermittent irrication from peak tillering to Tlowering resulted in
significant yield reductions. Oimilar results have been rceported by
Kaliappa ct al (1974) and Singh and Misra (1974). Recent review on water
management in rice in India has indicated that o shallow depth of about
o-cm submerpgence 15 essential for optimum rice yield (Pande, 1976).

Analysis of the literature reviewed above indicates that high yields
are obtuainable if plunts are kept ab near saturation level until floral
or panicle initiation stape followed by submergence through floral
develegment and pgrain filling period. Submergence is not necessary from
that stapge onward.
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Leaf area of plant is also influenced by soil moisture regime,
which, in turn, alters the consumptive water use. Total leaf area,
arrangement and orientation of leaves and stomatal characteristics are
important fuctors.

A series of greenhouse studies were conducted at ITTA, Ibadan, to
investigate:

(i) The influence of low level of soil moisture stress on
growth, develcpment and yield of rice. This was done to
determine threshold of soil moisture potential at which
yield declines significantly as compared with continuous
saturation.

(ii) The influence of flooding at various stapges of growth on
rice growth and yield.

Soil moisture treatments consisted of: (1) submergence 20 DAS,
100 cm suction at 15-cm depth before, (ii) zero sucti. . at 15-cm depth
(iii) 25-cm suction at 15-cm depth, (iv) 50-cm suctio. at 15-cm depth
(v) 100-cm suction at 15-em depth (vi) submergence from 20-55 DAS,
100-cm suction at 15-cm depth before and after, (vii) submergence from
20-70 DAS, 100-cm suction at 15-cm depth  before and after, (viii)
submergence for 20-90 DAS, 100-cm suction at 15-cm depth before and
arter. The soil used was the same as the one described in Chapter k.
Some of methodology is shown in Appendix 6.

]

Plant height. Influence of soil moisture regime on plant height at
various growth stages is shown in Tables la and 1b. There are significant
differences in plant height of IR-20 (Table la) at different growth
stages under various moisture regimes. Although the plant height of the
continuous subtmergence treatment was the maximum, it was only slightly
more than that of the plants with delayecd submergence. There were no
differences in plant height of treatment with zero suction and that of
submergence treatments deferrcd for various time intervals. Saturated
soil with no submergence suppressed plant heipght only slightly compared
with 20 DAS submergence treatment. Moisture suction of only 50 and

100 cm decreased height compared with zero suction treatment (Table 1a).

There are sipnificant varictal differences in plant height as well.
Mean plant height of 05-6 was preater than IR-20 for all the soil moisture
regimes investipated. Morcover, there arc no significant differences in
plant height of 0C-6 amongst various soil moisture regimes. 'The final
plant height of all the submerged treatments, regardless of the submergence
time, was identical. Iven the soil moisture suction of 50 and 100 c¢m of
water suction did not significantly suppress final height meuasurement of
the 08-6.
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Table la.  Plant height (cm) of TR-20 at different growth stages (DAS).

Days after sceding

Soil moisture regime 20 o7 3 5} 48 55 62 69 76
Submergence 20 DAS 28.7 | h8.7163.7|77.3]89.0 |101.7 [107.01 113.0] 116.
Zero suction 29.3 | h2.0|%2.0|68.7|79.0| 86.7 | 91.0| 93.0] oL.
25-cm suction 27.0 | 38.0 [ 51.0 | 62.7 [ 5.3 | 85.3 | 92.0| 9k.3| 96.
50-cm suction 26.0136.3 | h3.7[55.7]65.3| 73.0 [ 82.7| 87.0| 86.
100~cm suction 25.7136.7T [ 43.0|52.0{61.0f 70.0 | 77.3] 79.3] 79.

Submergence 20-55 DAS | 27.3 [ U3.7 [Sh.3 [6h.7T|T72.7| 80.7 | 85.0| 86.3| 8&7.
Submergence 20-70 DAS | 27.0 | 43.3 | 56.0 { 68.3]78.0| 89.0 | 95.0| 97.0| 97.

Submergence 20-90 DAS | 27.0 | b3.7 | 55.3 [ 65.7 { 73.7 | 85.3 92.7 95.7 97.
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Table 1b.  Plant height (cm) of 0S-6 at different growth stages (DAS).
Days after seeding

Soil moisture regime 20 27 3k h1 W8 55 62 69 76

Submergence 20 DAS 34.0 | 57.3(79.0 | 93.7 [ 106.3] 122.7 | 13k.7 | 145.0 | 149.
Zero suction 35.0 1 52.7 | 72.7 | 90.0 [ 109.3| 126.0 [ 136.7 | 144.3 | 1k49.
25~-cm suction 35.7 | b9.7 [ Th.3]92.3 [ 110.7 126.3 | 135.3 | 144.7 | 1k9.
50-cm suction 38.0158.7 [ 75.0 | 93.0 | 110.0| 127.3 | 140.3 | 145.7 | 149.-
100~-cm suction 3h.0 | bo.7 [62.7 [ 76.7 | 94.7| 116.0{ 130.7 | 136.0 { 138.
Submergence 20-55 DAS | 29.5 | 59.0 | 78.¢ | 93.0 | 105.5| 118.0 | 130.0 | 138.5 | 1k42.
Submergence 20-70 DAS | 36.7 | 54.7 | 82.3 | 95.3 | 110.0| 129.3 | 142.0 | 147.7 151.
Submergence 20-90 DAS | 36.3 | 59.0 | 75.0 | 85.7 | 112.3| 128.7| 141.0 | 145.7 | 152.
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Table 2a. Tillering characteristics (number/plant) of IR-20 at
different growth stages (DAS).
Days after seeding

Soil moisture regime | 20 | 27 l—3h W1 | 48 | 55| 62| 69 | 76
Submergence 20 DAS 213 6 11 16 | 19 | 20 | 21 | 21
Zero suc sion 31k 8 by 20 | 2h { 25 | 27 | 27
25-cm suction 3|k 8 | 20 | 26 | 29 | 30 | 30
50~cm sueticn 3|k T 12 | 18 | 21 | 24 | 24 | 24
100-cm suction 3 (b 8 12 1 18 | 21 | 23 | 24 | 26
Submergence 20-55 DAS| 2 | 3 5 10 [ 15 |18 [ 29 | 20 | 20
Submergence 20-70 DAS | 3 | 3 6 10 | 18 [ 21 |22 | 23 | 22
Submergence 20-90 DAS | 2 | 3 6 16 } 15 |18 [ 21 | 21 | 21
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Table 2b. Tillering characteristics (number/plant) of 0S-6 at
different growth stages (DAS).

| Days after seeding

Soil moisture regime 27 { 3h | W1 | W8 | 55 21 69 76
Submergence 20 DAS 2 L 8 11 12 12| 12 12
Zero suction 3 I 8 9 10| 10| 10 10
25-cm suction 3 l 6 91 10| 11| 11 11
50-cm suction 3 L T 10 10 12 11 11
100-em suction 2 L 6 8 81| 10 9 9
Submergence 20-55 DAS 2 4 T 11 12 12 12 12
Submergence 20-70 DAS 2 Iy T 12 13 13 13 13
Submergence 20-90 DAS 2 5 8 121 13 13| 13 13
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Tiller count. The influence of soil moisture regime on the tillering
behavior of IR-20 and 0S-6 for different growth stages is shown in
Table 2a and 2b, respectively.

The final tiller count of TR-20 showed sipnificant differences due
to the nature of the moisture regimes.  Unlike plant height,
non-submergence and coil moisture suction increased the Liller count.
The lowest tiller count (average 21/plant) was obscrved in the submerged
treatments. There were no differences in the tiller count due to the
time of submergence. The tiller count per plant was the highest in
the 25-cm suction treatment. Similar trends in tiller count were
established from L0 DAS.

The influence of s0il moisture rcegime in the tiller production in
05-6 differed significantly Irom that of TR-20. Although there were no
significant differences amony, various treatments. Tiller count was the
least in 100-cm suction treatment. The influence of moisture regime on
plant heipght and on tiller count of 09-6 is, therefore, quite different.

Leaf area index (LAI). Mean LAl of IR-20 and 0S-6 at different growth
stapges and for different soil moisture regimes is shown in Tables 3 and
b, respectively. 'The comparison in the LAI of two varieties under
different soil moisture regimes is shown in Fipures 1 to 8.

boil moisture regime had sipnificont effeet on the LAT. The LAI of
IR-20 decreused with increase in soil moisture suction from 25 to 100 cm
of water suction. However, there was an increase in the LAI as the
suction increased from zero to 25 om. 'There were no differences in the
LAT among various submergence treatments, and the zero suction t -catment.

There were no significant differences in the LAT of 0S~6 and IR-20.
The influence of moisture regime on the LAT of 0S-6 wag alsco similar to
that of IR-20. The LAT of 0S-€ increased us the suction increased from
zero to 2% em and then decreused sipgnificantly with increase in soil
moisture suction from zero to Luw .m. Ireatment with submerpgence from
20 to 90 DAS also resulted in highier LAT at 90 DAD.

Submerpence at different prowth stapes also had effect on the LAI.
In general, zero suetion and submerpence at 20 DAS, submergence from
20-90 DAD, and u slight drought stress of 25 em had similar LAI. For
treatment wica submerpgence from 20-55 DAS, IR-20 hud significantly
lowver LAI than 05-6.
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Table 3. Mean LAI of IR-20 at different growth stages.

Days after planting

Treatment
48 55 62 69 T6 83 90
Submergence 20 DAS 6.70| 8.93] 13.43| 18.02| 21.32 | 24.04| 26.69
Zero suction 8.451 13.39] 15.65| 18.78| 21.66 | 23.93| 25.33
25-cm suction 5.78| 9.65| 12.43 17.87] 22.17 | 26.46| 28.72
50-cm suction L.k 8.79] 10.67( 13.11] 15.17 | 18.73| 20.30
100-cm suction h.s7l 6.27] 8.20| 9.45] 12.32 | 14.98| 16.72
Submergence 20-55 DAS L.78| 9.29| 10.86 | 14.00] 16.35| 19.25| 20.77
Submergence 20-70 DAS T.15( 11.h4f 15.33| 17.85] 21.38 { 24.69| 26.58
Submergence 20-90 DAS 5.96 8.76| 12.75| 16.14| 15.94 | 22.83} 26.861
I
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Table 4. Mean LAT of 0S-6 at different growth stages.,
Days after planting
Treatment
48 55 H2 69 76 83 90

Submérgence 20 DAS 8.75 [10.22| 1h.5h | 18,91 21.86 25.34| 27.43
Zero suction 9.23 | 1h.79] 16.29 ] 19.42] 22.08| 24.98] 25.90
25-cm suction 5.58 | 7.391 9.6h| 1h.22| 19.99( 23.89| 29.8p
50-cm suction 8.23 [10.95( 12.00{ 15.36 18.99] 20.55| 22.76
100-cm suction 3.68 | 6.27| 8.03) 10.7h| 13.06] 16.51| 18.46
Submergence 20-55 DAS 6.83 110.00| 13.98( 16.86( 20.47| 23.2), 2h.55
Submergence 20-70 DAS 9.29 113.72] 18.29] 19.80| 22 .71| 23.67| 25.73
Submergence 20-90 DAS 10.05 [15.67| 20.56| 23.19| 25.89| 26.93| 29.27
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Fig.2, Effects of different soil moisture regimes
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from 20 DAS) for different growth stages,
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Shoot growth. Straw yield al harvest was significantly influenced by
soil moisture stress in both varieties. In general, 05-6 had more straw
yield than IR-20 at all moisture repimes. The lowest straw yield was
ovtained for 100 cm suction treatment (Table 5).

In case of IR-20, straw weipht decreased with increase in suction
from 25 to 50 and 100 cm. lowever, there was o slipht increase in the
straw weight as the suction increased from sero to 25 em.  Straw yield
of IR-20 was also influenced by the duration of submergence. The
submergence from 20-55 DAS had less straw yield, and similar to that of
100-cm suction.

The influence of soil moisturce stress on the straw yield of 0S-6
was less pronounced than in case of IR-20. An increase in soil moisture
stress from zero to 100-cm suction had no effect on the straw weight of
05-6. But decrease in the length of submerpence neriod sipgnificantly
reduccd struw yicld compuared with longer submergence durations. The
strav yicld, maximuwn plant heipht and the LAI had similar trends in
relation to soil moisture regime (Table 9).

Consumptive water usec. Consumptive woater use for the two rice varieties
under different, soil moisture repimes is shown in Table 6. As cxpected,
the consumptive use was the highest for various submergence treatments,
followed by zero suction and S50-cm suclbion moisture reprime.  There are
significant varictul elfccls on the consumplive water use. Because

05-6 can maintain more LAT and plant height at intermediate drought stress,
its consumptive water usce is also more than that of IR-20. Therefore,

a close correlation cxists between the LAT and consumptive water use.
Mlso, consumptive water usc for treatments with delayed submerpence is

not drastically lower than those with submergence from 20 DAS. Delayed
submerpgence does not necessarily result in water saving; low suction does.

Grain yield. The comparison of Lhe grain yield of four suction treatments
with that of continuous submerpence ard different submergence duration Tor
IR-20 and 05-6 is shown in Figure 9. 09-6 ovtyiclded IR-20 at all the
moisture repimes. Gruin yicld of 05-6 and IR-20 decreased with decrease
in suction from zero to 100 em. Tt may be justified to infer from these
data that for sandy soils a suction villue ranging from 25 to 50 cm is

a threshold beyond which yield of rice declines significantly. The
duration of submerpence also had o sipnificant but complex effect in

terms of prain yield. ‘There were no sipnificant differences in grain
yield among continuous submerpgence unlil submerpence from 20-70 DAS or
submergence from 0-90 DAS.  Bubt submerpgence from 20-5% DAS, followed

by 100-cm suction at floral stage decreases grain yield. llowever, the
relative decrease in yield was higher in IR-20 than in 09-6 (Table 7).

The grain yield of treatments involving submerpence only from 20-55 DAS,
was equivalent to that of continuous soil moisturce suction of %0 em.
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straw yield and plant growth.

Influence of soil moisture stress and delayed flooding on

Straw yield Plant height Maximum LAT
(¢/pot) (cn)
Soil
Moisture regime IR-20 | 0S-6 IR-20 | 08-6 IR-20 | 0S8-6
Submergence 20 DAS 221.7 | 303.7 99.7 | 201.h 26.7 27. k4
Zero suction 225.3 | 26h.3 82.1 { 190.2 25.5 26.3
25-cm suction 233.0 | 262.7 89.0 | 182.8 28.7 27.8
50-cm suction 188.0 | 262.3 79.9 | 17h.0 20.3 22.7
100-cm suction 17h.0 | 2h3.7 71.1 | 169.9 16.7 18.4
Submergence 20-55 DAS 183.3 | 255.3 6.9 | 171.3 20.8 oh.7
Submergence 20-70 DAS 234.0 | 290.0 88.3 | 1f£7.0 26.6 25.7
Submergence 20-90 DAS 207.3 | 312.0 90.5 | 196.7 26.8 29.3
F ratio 7% 107.9%* Ly, 8**
LSD (.05) s5h.T 1.2 4.9
SE 32.9 8.6 2.9
cv (%) 13.6 6.4 12.0
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Fig.9. Effect of soil moisture suction on grain yield
of IR-20 and 0S-6,
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Influence of soil moisture stress and delayed flooding on

consumptive water use (em) at different growth stages of IR-20 and

0s-6.

20-50 DAS 20-70 DAS 20-90 DAS 20-120 DAS
Soil moisture regime

IR-20 | 0S-6 | TR~20 | 0S-6 | TR-20] 0S-61{ IR-20 | 0S-6
Submergence 20 DAS hh.os W64 | 62.1 | 69.4 |88.0 (103.9] 122.0 | 1h1.
Zero suction 26.2 | 32.2]43.3 1 50.7{63.0| th.0| o91.1110L.
25-cm suction 25.2 |27.1 | k2.7 | h5.8|67.1 | 71.6] 98.31|106.
50-cm suction 17.h [25.0( 27.h | W1.9 | k0.1 | 66.2] S7.7 96.
100-~cm suction 15.4 116.5(25.5 [29.5]36.0| 46.4]| 149.8 79.
Submergence 20-55 DAS | 3L.9 |[38.7] k2.6 | 51.3]56.8( Th.h 72.7 | 100.
Submergence 20-70 DAS 1.3 1 43.7]156.9 |60.8|72.6| 86.1] 99.1| 118.
Submergence 20-90 DAS | 40.8 | h7.0( 58.2 | 70.1(77.5|101.9| 98.3 129.
F. ratio 2. 3%¥ 13.7%* g, 3¥# 5.5%%
LSD (.05) 6. 10.8 18.4 29.8
S.E. Iy, 6.5 11.1 17.9
cv (%) 2.7 5.5 15.7 18.3
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soil moisture stress and delayed flooding on yield and yield components

Grain yield Grain/panicle Panicle length Sterile grains Weight of 100
Soil moisture regime (g/pot) (cm) (number) grains (g)
IR-20 | 0S-6 TR-20 |0S-6 IR-20 | 0S8-6 IR-20 0s-6 IR-20 | 0s-6
Submergence 20 DAS 108.6 |155.9 107 130 zb.1 29.2 12 11 14.5 25.0
Zero suction 112.6 |137.k Q2 118 22.1 30.6 13 15 14.5 26.0
25-cm suction 98.7 |103.L Q9 11k 23.8 29.6 12 16 14,1 25.4
50-cm suction La.3 | 89.1 70 108 21.4 27.8 16 21 13.5 21.5
100-cm suction 28.0 | 6L.g 68 oL 21.3 27.4 16 20 11.2 21.2
Submergence 20-55 DAS ho,1 | 87.L 68 93 21.4 26.9 10 1k 13.6 25.6
Subnergence 20-7T0 DAS 102.7 {13k.2 105 28 23.1 27.3 e 8 1k.k 27.8
Submergence 20-90 DAS 96.8 [151.2 118 ik2 23.2 30.1 12 13 13.%4 2h.5
F ratio 5. 3% 3.TH¥ 1h, 3%% 2.0%X L8, 6**
LSD (.05) 4s.,2 31 2.6 5.9 2.9
SE 27.1 19.1 1.5 3.6 1.8
v () 28.5 18.8 6.0 2v.6 2.2
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Influence of soil moisture regime on various parameters of yield
components is shown in Table 7. Number of grains per panicle, panicle
length, and unit grain weight were significantly more in 0S-6 than
IR-20 for all the moisture regimes investigated,

Number of grains/panicle followed similar pattern to that of grain
yield. Soil moisture stress decreascd the number of grains per panicle,
as did the decrease in the duration of submergence.  llowever, only soil
moisture suction treatments of 50 and 100 cm significantly suppressed
the number of pgrains/panicle. The lowest number of grains/panicle was
observed for stress at panicle initiation (submergence 20-55 DAS) and
for continuous suction of 100 cm.

Panicle lenpgth also uecreased with increase in soil moisture suction
and decrease in the duration of submergence. The smallest panicle length
was observed for 100-cm suction and for the submerpgence of 20-55 DAS
treatments. Iloral sterility was also hiph for 100-cm suction treatment.

Unit prain weight in 05-6, sometime:s doubled that of IR-20,
particularly for the stressed treatments. Although soil moisture stress
decreased the unit grain weight in both the varicticys, the relative or
percent decrease in TR-20 was significantly higher than that of 0S-06.

Water Use Efficiency (WUE). Data in Tuble 8. show sipnificant varietal
and moisture treatment effect on the water usc efficiency, defined as the
grain yield per unit amount of water consumed. Generully 0S-6 had
significantly more WUE than IR-20, particularly when subjected to high
soil moisture stress. The WU of 05-6 was as much as 50% more than that
of IR-20 for submergence from 20-5% DAS and for 100-cm suction treatments.

S50il moisture stress decrcased the WUE in both the varieities.
However, there was a sipnificant increase in the WUE of IR-20 when
comparing continuous submergence from 20 DAS and zero suction treatment.
There was a similar, but nol statistically significant, incrcase in the
WUE of 0S-6 for thesc two Lreatments. The maximun WUE was observed for
zero suction {reatment for both Lhe varieties.

The maximum WUE for zero suction at 15 cm depth, once again supports
the hypothesis that beneficial effects of continuous submergence are
doubtful at best and harmful at its worst.
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Table 8. Water use efficiency (g/cm of water) of grains as influenced
by soil moisture stress and by delayed flooding.

S0il moisture regime [R-20 05-6

Submergence 20 DAS 0.833 1.060
Zero suction 1.250 1.290
25-cm suction 0.950 0.931
50-cm suction 0.870 0.820
100-cm suction 0.570 0.753
Submergence 20-5% DAS 0.593 0.843
Submergence 20-70 DAS 0.927 1.070
Submerpence 20-90 DAS 0.950 1.250
I ratio 3.18%#*

LsD (.05) 0.309

SE 0.186

cv (%) 20.277
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Conclusion

The following conclusion can be made from the analysis of results
obtained at IITA.

1. Zero suction, or saturated soil, can give yields equivalent to
that with continuous submergence.

2. Continuous submergence throughout the growing period is not
necessary for optimum yield,

3. Saturated soil or submergence only Auring the flowering stage is
enough for high yields.

L, Even a suction of 100 cm at floral stage and submergence during
the vegetative stage can result in significant yield reductions.

5. There is no significant difference in grai: yield for O and 25 cm
of water suction as compared with that of continuous submergence.
Perhaps a low suction value of 25-50 cm, tne air - entry pressure
at which macro-pores begin to drain, is eritical for yield
depression.

6. The consumptive water use was influenced by soil moisture regime,
and the highest WUE was observed for either zero or 25 cm suction
or for submergence only from 20-90 DAP.
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T. SUBMFRGENCE AND RICE YIELD

Submergence of rice field, by 5 - 10-cm depth of water, is widely
practiced. Although rice requires saturated soil conditions for optimum
growth, the reasons for submergence in standing water are not universally
acknowledged. Weed control may be an advantage, and so may be the
efficient use of applied fertilizer or of inherent soil fertility.

During submergence the chemical and physical characteristics of
water can also affect rice growtin.

Water temperature has been identified as an important factor in
rice growth and yicld by many workers. FKataoka (1969) related the water
temperature in rice to the meteorolomical and hydrological characteristics
at a given location.  ile reported hirher averuge water tomperature than
the averyre daily air temperature. Chaudhry and Childyal (1970) studied
the effects of soil temperature regime from 109C to h09C on rice growth
and yield. The maximum encrrence occurred at 259C and 30°C. Rice
seedling emergence decreased al lower temperatures of 15°C-20°C. In a
two-year experiment with artificially maintained water depths of 5 cm
and 20 cm on the Hungarian plains, Vamadevan (1971) investigated the
effects of water depth on Lemperature at soil/water interface. The
difference between the soil/water interince and the air temperature was
found to be the pgreavest at the berinning of the prowing scason, and
the rate at which it decreased was smaller with deep than with shallow
water. Yicld was also more with preat water depth. The higher yield
with greater water depth under Hungarian conditions could be attributed
to higher temperature at the soil/water interface. This influence of
temperature on rice was also shown in India when the cyclic temperature
regime of 32°C/20°C showed better root ;rowth and tiller development than
plants growing at 26°C constant temperature (Chaudhry and Ghildyal, 1971).
Similar studies conducted in the Philippines by Bhattacharya and
De Datta (1971) indicated that higher temperatures accelerated the growth
and development of plants.  Grain yields were sipnificantly decreased by
a soil temperature of 15°C during panicle development.  Ueki (1971)
conducted similar cxperiments in Japan and reported that the water
temperature above 30°C penerally had a detrimental effect on growth.
Hoshino et al (1972) reported a significant interaction between tempera-
ture and moisture regime on prowth and development of rice. Similar to
maize, Moriwaki (197h) reported that the most sensitive part of the rice
plant to soil {lemperature is the shoot base.

The rescarch conducted in India on the cffects of depth of submergence
on rice yield has been reviewed by Pande (1975%). The rosults indicated
that a shallow depth was generally beneficial in terms of yicld obtained.
The effect of submergence, however, is also reclated to water temperature,
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and to the evaporative demand of the atmosphere. Pande (1975) reported
that during monsoon season the rice yield was similar for soil moisture
conditions of saturalion, and shallow and deep submergence. However,
when grown during the periods of high evaporative demand, rice yield was
adversely affected by non-submergence.

Certain experiments were conducted at TTTA from May to November
1972 to compare yield of IR-20 under saturated soil conditions with thnt
under continuous submergence, and to compare the effects of cubmergence
at different growth stages. Under the conditions of these experiments
at IITA, the tempcraturc at the soil/water interface was never below
a weekly mean of 23.90C (Table 1). The maximum temperature under the
rice canopy in water, or at the soil/water interface also never exceeded
35°C. Therefore the temperature probably was not a serious Tactor
limiting rice production in these studies. The maximum temperature at
the soil/water interface may be above the optimum level by 2°C-5°C for
perhaps 2-k hours per day.

Data in Table 1 shows that the minimum water temperature was higher
than air temperature at least by 1 - 1.59C in July, and 0.5°C - 1.0°C
in August and September. The minimum temperature at the soil/water
interface was higher than the water temperature by about 0.5°C. The
minimum temperature at the soil/water interface 4id not increase for the
duration of this cxperiment. It is possible therefore that most of the
incoming radiation wrs used toward evapo-cranspiration. The heat flux
into the soil itself was, therefore, minimal.

The influence of continuous submcrgence on grain and straw yield
of TR-20 rice was comparcd with saturated soil but no submergence, and
with submergence super-imposed on saturated soil at various growth
stages. The moisture regime treatments consisted of:

(i) Submerpgence from 20 DAS.
(ii) Submergence only during 20-35 DAS, saturated soil before
and after.

(iii) Submergence only during 20-55 DAS, saturated soil before

and after.

(iv) Submergence only during 20-T0 DAS, saturated soil before
and alter.

(v) Submergence from 70 DAS, saturated soil before that.

(vi) Saturated soil, no submergcnce.
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Table 1. Weekly mean soil and water temperature (C) under paddy in
relation to air temperature at T7.30 am.

I July 1972 August 1972 September 1972
Measuring site -
1-7 8-15 16-23 24-31 1-7 5-15 16-23 ] 2h-31 1-7
Air 23.5 23.7 | 23.¢6 23.5 23.0 | 22.7 | 23.0 23.3 23.5
Water 25.1 | 25.2 | 25.0 2L.5 2L.2 | 23.5 23.6 23.7 23.9
Seil 25,9 | 25.7 25.5 25.0 2L.8 | =L.3 23.5 23.9 2L .2
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Plant height. Influence of soil moisture regime on plant height is
shown in Table 2. There were no sipnificant effects of these moisture
regimes on plant height at any stapge of prowth. longer duration of
submergencee, however, seemed to eneourapge plant prowth.  'The heipht
vwas shortest for submr rped treatment and for the treatment with
submergence in the v._getative stupe cop. from 20 to 3% DAS.

Tiller count. Numbers of tillers per m were affected more by the soil
moisturec regime than the heipht measurements (Table 3). 'The least
number of tillers was observed for the uwisubuerged treatment, and for
the one submerged for the shortest duration e.;. 20 ~ 35 DAS. The
results, however, were not statistically sipgnificant. Tiller count
showed consistent trends in conneetion with moisture regimes from about
35 DAS to 90 DAS. "he maximuwn tiller count was observed at 90 DAS.

In pencral, plant vigor as monitored by height and number of
tillers was not affected by submergence, as long as the soil was kept
near the saturation level.

Straw yield. The straw yield is shown in Table ). Straw yield was
signiricantly affeccted by soil moisture regime. 'The highest straw yield
was obtained for the continuously submerpged treatment, and the second
highest yield was produced in the treatment with submerpgence from 70

DAS to maturity. The least straw Yiceld was obtained for the unsubmerged
treatment and those Lreatments submerped only for the shorn duratisi.

The relative deercase in straw yicld was 36 and 30 percent
respectively by deercasings the submergence duration gradually from 20
to 35 DAS, and no submerpence at all. Relative straw yield for
different submerpence duration relative to that of continuous submergence
was 0.6L, 0.73, 0.89, und 0.95, respectively for submerpence from 20-35
DAS, 20-55 DAS, 20-70 DAS and submergence Trom 70 DAS to matucity.
Submergence, thercfore, significantly improves vepetative prowth in rice
plant. Similar results have been rcported by other workers.

The final plunt heipht at Yarvest wis identicnl to the straw yield,
and was significantly dirferent amony, various moisture resimes (Table L),
The final plant heipht was in the order of submergence 20 DAS>submergence
20-70 DAS>submerpgence 70 DAS>submerfence 20-35 DAS>submergence 20-5% DAS
and no submerpgence.  The relative plant heipght in the same order was
1.00, 0.99, 0.96, 0.93, 0.91. Submerpgence, therefore, sipnificantly
increased the final plant heipght and the total strow yield.

Grain yield and yield component,s. The rice prain yicld and yield
components shown in Table 5, indicate significant differences due to
moisture treatments. 'The lowest prain yicld was obtained for the
unsubmerged treatment. There were no sipnificant, differences in grain
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Table 2. Influence of submergence time on plant height and shoot growth.
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Teble 3. Influence of submergence time on tillering behavior of IR-20 in the field (x102).
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Table L. Straw yield and the final plant height of rice as influenced
by soil moisture regime.

Soil moisture regime Gtraw yicld* (T/Ha)| Final plant height (cm)
Submergence 20 DAS 7.56 106.4
Submergence 20-35 DAS L.81 99.4
Submergence 20-55 DAS 5.50 ST.h
Submergence 20-70 DAS 6.71 105.8
Submergence 70 DAY 7.16 101.6
No subnerpgence, saturated soil 5.29 99.1
LsD (.05) 1.90 7.8

* on oven dry basis
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Table 5. Influence of soil moisture regime on grain yield and yield
components.

Grain | Panicle | Grain of | Floral Weight
Soil moisture regime¥ yield | length panicle sterility | of 1000

T/Ha cm % grains

&

Submergence 20 DAS 4.36 2L .Y 109 17.8 16.8
Submergence 20-35 DAS | 4.E1 25.2 112 16.1 16.4
Submergence 20-55 DAS | L.25 oh.7 116 18.4 16.5
Submerpgence 20-T7 DAS h.72 25.6 130 15.5 17.3
Submergence 70 DAS i, 29 25.7 135 20.2 15.8
No submergence 3.4k 24h.8 121 17.3 15.2
LsSD (.05) 1.10 1.6 18 4.0 1.9

* Soil was kept saturated in all the treatments both before and after
submergence.
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yield among other treatments. Submergence, even for .. short duration
at pre-flowering or during the flowering stage was enough to produce
the optimum grain yield. The unsubmerged treatment with saturated

soil produced 23 percent lower yield than the mean vield of the remaining
treatments. The relative grain yield was in the order of 1.00, 0.98,
0.91, 0.89, 0.88 and 0.72 respectively for the moisture regime of sub-
mergence from 20-35 DAS, submergence 20-70 DAS, submergence 20 DAS,
submergence 70 DAY, submergence 20-5% DAS, and no submerpgence. The
highest grain yiecld, however, was not obtained for the continuously
submerged treatments. Submerpgence imposed from floral initiation stage
onward produced grain yield equivalent to that of the continuously
submerged treatments.

The analysis of the yield components in relation to total yield
indicate that there were no significant differences in the panicle
length, floral sterility or in number ot grains per panicle as a result
of moisturc regimes imposed in this study. The major differences in
groin yield oceurred in the unit prain weight and perhaps in the number
of productive tillers (Tables 3, 5).

The unit grain wveight was the lowest in the unsubmerged treatment
and in the onc with submergence imposed only from 70 DAS. Submergence
during the floral initiation stage, therefore, seems to be important in
the proper pgrain development. The number of prains per panicle was also
significantly affected by the soil moisture regime.

The highest nuwnbers of grains per panicle were recorded for
treatments involving submerpence during and Just before the floral
initiation stape. Continuous submergence, perhaps due to severe leaching
losses of applied N, produccd the least number of grains per panicle,
even lower than the unsubmerged treatment. The relative number of grains
per panicle were in the order of 1.00, 0.96, 0.90, 0.86, 0.83, 0.81,
respectively for submergence TO DAS, submergence 20-70 DAS, submergence
20-35 DAS, and submergence from 20 DAS.

Florsl sterility was not significantly affected by soil moisture
regime. 'The highest sterility percentage was observed for the treatment
involving submer: ::nce only «fter the floral initiation stage. The lowest
floral sterility was observed for those treatments which involved sub-
mergence through the floral development stage and prior to it.

It may be justifiod to conclude that optimum yield is obtained if
tne soil were kept ncar saturation at all stages and submerged during
the maximu tillering and flowering stage or panicle development stage.
Similar rosults have also been reported by many reseogrchers.
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The results reported in the previous section indicate that:

(1)

(11)

(iii)

(iv)

Temperature at the soil/water interface under conditions
similar to that of IITA, Ibadan is probably not a
significant factor affecting rice growth and yield.

Non-flooded soil kept at near saturation yielded 20
percent less than the submerged treatments. This
depression in grain yield of the unsubmerged treatments
is attributed to the unsaturated conditions prevalent
in this treatment during long rainless periods.
Another important factor is the drainage of the excess
water. The plants generally appeared to be chlorotic.
Perhaps draining of the rain water depleted the soil
of its essential nutrients, such as nitrogen. If the
nitrogen losses in the drained water were compensated
for, the yield difference might be negligible.

The influence of submergence on yield was probably
through the increase in number of productive tillers,
increase in the panicle length, and an increase in the
unit grain weight.

Submergence for a short duration only during maximum
tillering and panicle development and floral initiation
stages may be adequate for optimum yield.
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8. MECHANISM OF RICE RESPONSE TO MOISTURE STRESS

Improvements in upland rice production which is the predominant
system of rice production in West Africa and parts of La%in America, can
be made by understanding the basic paramcters of soil-plant-water
relationships. Criteria for a selection of suituble varieties for upland
conditions can be developed through understandingg of basic soil-water
relations and rooting characteristics. IFrom the results presented in the
previous chapters concerning woter relations under (looded conditions, it
can be generalized that optimum yields can be obtained without continuous
submergence, provided coil is kept near saturation during critical growth
periods. Bepinning with this chapter, an analysis will be presented for
conditions applicable to upland rice. Emphasis will be given to the
factors which influence "critical soil moisture potential" in relation to
leaf moisture potential, slomatal behavior and consumptive water use of
various rice varieties grown under differcnt levels of soil moisture
stress. The results presented will be pencralized to outline the principles
of field and grecnhouse teechniques for varietal selection apgainst drought
and moisturec stress.

Water stress in plants is a major factor limilting crop production.
Through a wide range of investipgations (Shaw and Laing, 1965; Denmead,
1960; Laude, 1957; Viets, 19703 and Slatyer, 1967), it has been shown that
water deficiency iz not only an important factor affecting economical
yields in the regions with prevalent dry conditions, but also in the humid
to sub-hunid environments. Somctimes scrious yield reductions can occur
even withoul the pluants showing wilt symptoms. Generally, willt is not
the first warning sipn of waser deficieney. Moderate water stress affects
physiological activity and can decrease growth, development und yield
(8lavik, 1963).

The response of plunts to various levels of moisture stress is
affected by soil and climatic factors, and also by the adaptability of
various genotypes and cultivars to different ecolopgical conditions.  Thus
among plunts in the same species, varictal characteristies play an important
role in plant response to wabter stress. A knowledge of the varietal
characteristics that can be important for drought tolerance is an important
arca of pgenetic rescarch in soil-plant-wiser relationships.

Tanaka, Kawano and Yamapguchi, (1966) reported high initial prowth
rate in rice when pgrown under adequate water supply fllowed by a decline
in the pgrowth rate at later stapes of developmert. Although, when grown
under the conditions of inadequuate water gupply. the initial prowth
rate is low; it stays coastant even toward the later ctapes of development.
This implics that the droupht stress in rice, and perhaps in olher cereals
also, affccels both the vepgetative and reproductive stages of pgrowth.

The period of vegetative growth is significantly prolonged in favor of
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the reproductive phase of development. That is the basis of the
conclusion arrived at by muny researchers, that the mazimum yield poten-
tial exists when the soll o maintained under flooded or saturatea
conditions (be Datta, Levine and Williams, 1970).  'These workers have
aluo observed Lhabt olthough heipght of the rice plant is directly reluated
to the depth of waber in the paddy, tiller number appears to be inversely
related to o relstively wihe rangre o soil moloture conditions.  Similar
results were reportod carlicre in thic book. lHowever, if the soil moicture
stress in dnereased) ooy, up to initinl leaf rolling during hot periods,
the tiller mamber roeduces sipndficantly. T4 1o pencerally belicved that
prain Lo straw eabio 1o oot affectod by water management, practices.
Vereara (LO70) statoed that eorain yicld of the rice plunt is o Tunction

of three yictd comeonentay (1) mumber of panicles per plant, (2) number
of filled spikelets ver panicle and (9) the unit proain weight.,  What
influcnec docs Shee woisture cteess have on these components is not well
understood aod deseryes Lo e o pesens ch o priority. 1t has been shown

in Chapters 5 oand hothat, Gheere i0 o0 sharp deceline in yield of rice as in
the soll moicture steess io inercnscd Preom submersod trestment through
zera and D0 cnosnuetion al 1h-em o deoths The beneficial cffects of

delayed cubmerpeence or o Swadl deprec of moisture stress in the vepocta-
tive otoee (s omisht cxzisth in o saturabed, but not submereed soil) on
rrain and strow yicld moy be stteibobed to "hardening”.

The yicld components Lhat, apre affected by moictLure stress, and
therefore can e used as eriteria for scereening apgainst drought stress
arc sterility percentoge, unit proin weicht, and panicle number. A
sceries of cxzperiments conducted at [TIA in 1972 to evaluate the effects
of drourht cbress on Lhe yield components of a few standard varieties
are deseribed in Lhis chapter.

A preenhouse cxperiment was initiated in October 1972 with the
following objectiven:

(1) T investipate the Iinfluence of low level of soil moisture
Leress on prowth and yield of two rice varieties, and

(ii) 'To compare prowth characteristies of 05-6 and [R-20 to
delineate paramcters that may  be desirable for upland rice
environments .,

The moisture breatments investipgated consisted the foliowing:

(i) Submerpgence Lo a S-cm depth

(ii) Oaturated soil, no submerpence

(iii) “ecro suction at 15-cm depth
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(iv) 25 cm suction at 1%-cm depth
) 50 em suction at 1%-cm depth
(vi) 75 cm suction at 15-cm depth
(vii) 100 c¢m suction at 15-cm depth
(viii) 250 cm suction at 15-cm depth.

Cumulative soil moisture stress was computed by plotting the daily
tensiometric readings in em (suction) over the entire irrowth period and
then determining the arcea under the curve.  This procedure was adopted
for all the soll moisture repimes which were not submerpged.  The unit
for thins cumulative stroess is em=days and can be converted Lo bar-days
or atmouphore~days.,  The amount of water added for cach of Lhe irripation
treatments and delbails of mebhodology are shown in Appendiz B,

The anulysin of variance table of I ratio (Table 1) reveals the
moisturc and varictal offeets on most of the observations made in this
study. "Tuble 1 shows Lhat srain yield, straw yield, number of prains
per panicle, panicle number per pot, panicle welgehts, days to flowering,
tillers per plant, and total water use, have highly sipgnificant varietal
and moisturc regcime offocets,

The effects of various levels of soil moisture rejrimes on prain
and straw yicld, panicle numbor per pot, panicle weipht, prain weight,
dry matter production al differcnt stiges ol prowlh, days to flowering,
plant heipht, sterile prains per panicle, and tolal water use have also
been found to be hiphly significant. The interaction between variety
and moisture treatments Lo sipnificant only for srain welpht and for the
number of days to heading:.

The correlation and regression analysces conducted here have shown
a highly sipnificant correlation belbween water use and rrain, and straw
yicld, gsrains per panicle, panicle weight, and plant heipght.  Also the
grain yicld has been found Lo be sirnificantly correlated with straw
yield, and yraing per panicle.  Grain yield, plant heipght., root number
and root weipht were also sipnificantly correlated with total wabter use
(Table o).

Consumplive waber use. Fipures 1-6 show the cffocts of various levels
of moisture stress on the Lotal amount of waber used by cich rice variety.
Figure 1 chows Lhe offect of cumulalive moisbure shress on centimeter

of water usced per pob.  05=0 had used oosieni Picant ] y higrher amount of
witber Lhan 1R=00. However, for both varictics, the hipher the cwnulabive
stress the less was the consumptive wabter usce.  The consumpl.ive water
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use of IR-20 was 59 percent that of the 0S-6 under various stressed
treatments. The decrease in consumptive water use of 1k-20 and 0S-6
at high stress was 50 percent.

Figures 2 and 3 compare the total amount of water used, with the
grain and straw yield of IR-20 and 03-6 rice under the *arious moisture
regimes. TFipure 2 indicates the beneficial effect resutl.ng from a
slight moisture stress Tor 05-6 under a saturated soil. The 08-6
varicty had consistently higher grain and straw yicld per unit quantity
of water used. [But at hirh moicture deficit, IR-20 had higher water
use efficicney as measured in terms of pgrain ana straw yield per unit
quantity of water used (Fip. 3).

Firures b oand 9 depict the water consumption of both varieties under
high and low water repimes (saturated and 250-cm suction and flooded
and 100-cm suction treatments).  There was a gradual rise in the water
use of both wvarictlies with the increase in the stapge of crop followed
by a4 definite decline in consumptive water use toward maturity. IR-20
grovn at high drourht strecs showed a constant water requirement,
indicatliyr a constant prowth rate,  For plants under saturatced and flooded
treatments, the peak water consumption occurred between 6th and 9th weeks
after planting. The period coincides with the most active vepetative
growth (maximum tillering) and actively flowering prowth phases. The
variety 05-6 prown under high drourht stress did not show a constant
water requirement and it peaked ot the flowering stage.  But the plot
of the cvapo-transpiration with time indicates that rice plants have
the pgreatest water demand at the most active vepetative periods followed
by hipgh water demand at the flowering time.

Fipure 6 depicts the water use efficiency of both IR-20 and 0S-6
rice. The datu indicate superiority of 05-6 over IR-20 in the efficiency
of water use for plants grown under optimal water conditions (i.c.
submerpged and saturated soils).  Under hipgh moisture stress (250 em
suction), the water use efficicney of both 035-6 und TR-20 was identical.
There were no sipnificant differences in water use efficiency among,
different water repgimes investipated,

Plant heipht. Fimwoes 7-9 summarize the results of height measurcments
and tiller counts observed at different prowth stages for both IR-20

and 05-G. In Fijure 7, the advantapes of saturated but unsubmerged

s0il over submerped and other soll moisture regimes during the vepetative
stare for Lhe height off 00-6 are evident. Whereas in IK-20 there was

a i percent decline in the plant heipht as the soil moisture repime was
chanped from zero suction Lo S50-cm suction, there was a slight increasce
in the heipht of 05-6.  The relative decrease in plant heipht from zero
suction to 50-cm suction was 9 and 1 percent, respectively for 05-6 and
IR-20.  The mazimum decrease in plant heipght occurred between the suction
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until the 11th week after planting. For the high suction treatment of
250 cm, unproductive tillers were even being produced during the
reproductive phase of development. This was particularly true in the
case of IR-20.

Days to heading and 507 flowering

Figures 15 and 16 show the effect of various levels of moisture
stress on thc number of' days required for the heading and flowering of
IR-20 and 05-6. In both cases the number of days had increcased with
increasc in moisture stress. At a low moisture stress there was no
significant difference in the effects of moisture repime, however, the
effect was very sivnificant at high moisture stress.

s for O5-6, there was n decrease in the number of days to heading
with chanre in coil moisture rerime from Submergence to zero suction,
followed by an inercase in the days with increase in moisture stress.
The overall incrcase in the duys to heading for 0S-6 was by 23 percent,
with a maximum of" 14 percent increase occurring as the moisture suction
increased from 10D cm to 250 c¢m (Fig. 15). The response of IR-20 was
slightly different from that of 05-6. There was a slipht increase in
the number of days to heading with change in soil moisture regime from
submergence to zcro suction, followed by a plateau in the curve between
the suction runges of zero and 50 em, and then a sharp iucrease from 50
to 250-cm suction. The overall incrvusc in the number of days to
heading was only 9 percent, with a maximum of b percent within the suction
range of 100-250 cm (Fig. 15).

The number of days to 50 percent flowering was affected, but slightly
differeatly from days to heading. For both 03-6 and IR-20 there was a
steady increase in the days to flowering with an increase in moisture
stress. The relative increase in days to fiowering with change in soil
moisture regime from submergence to 250-cm suction was 21 and 2k percent,
respectively for 0S-6 and IR-20. The response curve of both varieties
stayed parallel for oll the moisture regimes (Fip. 16).

Dry matter production. The dry matter production at different stages
of growth is shown in Figurcs 17-21 and Table 6. Both the moisture and
varietal treatments had significant effects on the dry matter production
at different stages of growth. There was also a significant correlation
between dry matlter production at different growth phases and the grain
yield, and with total water use.

Data in Figure 17 show that 0S-6 consistently produced more ary
weight than IR-20 at all moisture regimes and for different growth stages.
The differences in yrowth and dry matter production were parallel for all
the moisture repimes, indicating no or little interaction between varietal



NUMBER OF DAYS TO FRST HEADING (per pot)

142

—x IR -20

8861

80

76

721

68

641

601

0

.

FLGAT 0 50 100 50 @ 200 250
SOIL WATER SUCTION (cm)

Fig.15. Effect of soil moisture regime on days
to heading.



143

FLOWERING

.0
o
B
O
-
p)
3
m<
74
701
4
0

FLSAT O S0 100 15 200 ' 290
SOIL WATER SUCTION (cm)

Fig.16.  Effect of soil moisture regime on days to 50%
flowering,



PLANT WEIGHT (g)

144

4) DAS
1201
}MDAS
- .}270‘\5
FB —0 Q jﬂ}zoms
0 —r—— .

FLSAT O 50 100 = S0 200 = 250
SOIL WATER SUCTION (cm)

Fig.17. Effect of soil moisture regime on dry matter
production on different days after seeding (DAS).



PLANT WEIGHT (g)

145

6]
o————- 05-6

4l ¥——-x IR-20

04

021

0

-4 v

FLSAT 0 50 100 150 200 250
SOIL WATER SUCTION (cm)

Fig.18, Effect of soil moisture regime on dry matter
production 60 days aftei seeding.



146

401

PLANT WEIGHT (g)

"4
o —— "
FL.SAT. 0 50 100 150 200 250
SOIL WATER SUCTION (cm)
Fig.19. Effect of soil moisture regime on dry matter

production 11C days after seeding.



147

7777777

U

[

L0007

A

Y222

W

A
4

Gz

0
FLOODED SATURATED

3 R g 3 ) 3 3
(10d/6) g13IA MvHLS

SOIL MOISTURE SUCTION (cm)

affected by the soil moisture



LOW

36;

28;

201

STRAW YIELD (g)

81

Fig.21.

148

¥——X Flooded
————=8 0 Suction

o—————0 J00cm Suction
o———0 250cm Suction

0S-6
______ IR -20
Vo N
/ ~ 3
/
//
//
/
S
/// v //‘
// - -
/ -
/ =g = —— -0
// //
7,
// /,’/
P ld
2>
/ .Z7
7 2z
ﬂa ’44/
35 49 63 71 9 105 19

DAYS AFTER PLANTING (DAP)

Effect of soil moisture regime on straw yield

at different growth stages,



149

and moisture effects. But the differences in dry matter production of
both varieties increased with increase in stare of crop prowth.

Figure 18 shows the mean dry weirht of IR-2P0 and 0S-6 between the
tiller initiation and maximun Liltleving stapge, as affected by different
501l moisture repgimes.  Althoush the dry matter production deereansed
with increase in stress “or bolh 1R-20 and 05-G, the initial rate of
decline was pgreater in [R=-20.  PFor cxample, the rate of deeline with
chanre in moisture recime from submersed to saturated soil was 0.03
g/plant for 0U-5 as compnred with 0.3 ;+/plant for [E-20, 10 times
decrease in IB-10 compured with 08-6.  The overall decreass for the
entire range of coll melsturs suctions was %0 percent for both 00-6 and
IR-20. “imilar response was observed ab the erain £fillinge stuge (Fig.
19).  Wheveas there wos o deeline in Ghe ey mottor oroduction in 05-6
up to M50-em suction, there was no chawe in the cuse of TR-20 beyond
TO=-cm of water suction.  This may imply that the eritical soil moisture
potential for TR-"0 is lower than that or 00-0.

The final straw yicld of IR=20 and 00=6 at different soil moisture
regimes ic shown in Fipures 20 and 21, Althourh 05-6 had hirher straw
yield than 1E-P0, there was no sivmificant decrease in straw veight of
0S-6 with increase in soil moisture stress from 25-290-cm suction. This
plateau was reached in IR-70 at a soil moisture cuction of 100 cm.

Fijpure 21 shows the changes in dry matter production in IR-20 and
05-6 during different srowth starses and as influenced by various soil
moisturce recimes. Th i interesting to observe, that in the case of
both IR-20 and 00-G, the maximuwn vepretative prowth rate was observed for
the submerpgced trestment.  But there was a definite decline in the straw
welight of the submerpged Lreatment from 12th week to maturity.

Plants under flooded and zero suctions have o consistently rapid
growth rate during the vepetative prowth period, with a sharp drop

immediately after maturity, but those plants under zero and 100-cm
suctions have a relatively smaller decrease after maturity.

Plants grown at 250-em suction continue to incrcase their growth
rate even after the pinnts in the other three treatments had reached
maturity and growth had stopped completely. 'his shows that for plants
under the hirh moisturc stress the vepctative phase had lengthened
considerably and prowlh had been unduly prolonged by rater defieit.

Yield nnd components. Daty in IFMipures 20-30 and Table 2 show the effect
of moisture: resime on the yield components of the 05-6 and TR-20.

Fipgures 20 and 23 depict the grain yield of both varictlics under different
soil moisturc repgimes.  00=6 sipgnificantly outyiclded TR-20, excopt at

the hischest soill moisture stress of 759 cem of wauber suction. Once apain
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there was a small increase in the grain yield of 0S-6 with a change in
moisture regime from submergence to saturation without submergence. The
percent increase in the grain yield of 035-6 over IR-20 was 55, 110, 105,
90, 96, 6k, 168, 2 percent for soil moisture regimes of submerpgence,
saturated soil, zero suction, 25 cm, 50 cm, 75 cm, 100 em and 250 c¢m of
moisture suction. Tt is interesting to observe that the maximum
difference in the yield of IR-20 and 05S-6 (168%) occurred at a sc .1
moisture stress of 100 cm suction. Obviously, for this sandy soil,
suction of 250 cm is cqually detrimental (lethal) for both varieties.

Figure 2b shows the grain yield per cm of water used. From flooded
treatment to about 100-cm suction, 05-6 had consistently higher yield

per cm of water. There was i slight increase in the WUE of IR-20, for
suction ranging from 0 to 75 cm, because the LAI and the water required
to maintain decired suction decreased. However, there was a sharp

decrease in the WUE of IR-20 with increase in suction to 100 em. The
WUE of 0S-6 did not change over the range of submergence, zero suction
up to 100 c¢m of suction. The prain yield in 250-cm suction was practi-
cally zero in both varieties; hence, the WUE at that suction is also
zero or of little practical significance.

It is interesting to compare grain yield of IR-20 and 0S-6 as a
function of the cumulative soil moisture stress (Fig. 25). 0$-6 had
higher pgrain yield than IR-20 for all the stress ranges. 1In a vay,
IR-20 did not have the same level of cunmulative stress as 0S-6 at a
given soil moisture repgime. 08-6 is definitely a superior variety for
upland or harsh moisture regimes. The relative yield of IR-20 compared
with 05-6 at cumulative soil moisture stress of 10, 20, 30, L0, 50-
meter-days was, respectively, 0.48, 0.59, 0.38, 0.46, and 0.57.

The analysis of the yield componeuts gives interesting information
as to the source of high yield of 038-6 compared with IR-20. The unit
grain weight of 05-6 was definitely superior to that of IR-20 at all the
moisture regimes. Whereas the unit grain weight of IR-20 decreased with
increase in mcisture stress, there was a slight increase in the unit
grain weight of 05-6 between the Suction range of submergence and 100 cm.
Perhaps molding of grains and other fungal incidence on 0S-6 during
submergence had adversely affected unit grain weight. The unit grain
weight of 0S8-6 declined significantly only at the highest drought stress
of 250-cm suction.

Number of pgrains/panicle was also more in 0S-6 than IR-20 for all
the moisture regimes investigated (Fig. 27). The 0S-6 had more pgrain
count/panicle than IR-20 by L8, 49, 11, 52, 27, b3, 61, and b7 percent,
respectively at soil moisture regimes of submergence, saturated soil,
and suction of 0, 25, 50, 75, 100 and 250 cm. The significant decrease
in the number of grains/panicle in 0S-6 occurred only at soil moisture
regime of 250-cm suction (Table k).
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Although the number of panicles/pot at harvest was more in IR-20
than in 0S-6, most of these panicles were empty and unproductive (Fig.
28). Consequently the total weight of panicles per pot in 035-6 was
significantly pgreater than TR-20 for all the soil moisture regimes
investigated (Tuble 4). ‘The relative panicle weipht per pot in TR-20
compared with 03-6 was respectively, 0.49, 0.49, 0.5k, 0.45, 0.54, 0.6k,
0.38, and 0.42 for the moisture repgimes listed in the increasing order
of soil moisture stress.

Total number of sterile grains per pot did not follow a definite
pattern in both varieties in relation to soil moisture stress (Table 4).
However, the percentape of sterile prains in 05~6 was more than that of
IR-20, particularly toward hipgh soil moisture stress. Because grain
yield of 08-6 is significantly hipher than that of TR-20, despite the
fact that florul sterility in 05-6 was wlso hiph, this may imply that
the maximum yield potential of 05-6 under drought stress is sipnificantly
greater than that of IR-20. There is a considerable scope for yield
improvements in 05-6 both in terms of renetic manipulations and in soil
and water manapgement.,

The influence of soil moisturc repgimes on the yield index of IR-20
and 0S-6 is shown in Figure 30. The yield index is defined as the grain:
straw ratio. The data indicate no sipnificant differences in the yield
index of IR-20 and 035-6. Coil moisture stress of 250-cm suction,
however, significantly suppressed the yicld index, more of 00-6 thun of
IR-20.

Conclusions

1. Along with appropriate field studics, precnhouse evaluation can be
useful in ccreening rice varicties for droupght resistance. The
yield components that are most drastically affected by drought
stress include floral sterility, unit grain weipht, and panicle
number.

2. The stapre when rice is most vulnerable Lo droupht stress is from
maximum tillering to heading.

Some conclusions from the pgrecnhouse studics at ITTTA comparing
the effects of drought strecs on IR=20 and 00-6 are summarized below:

a. Increase in cumulative moisture stress was accompanied by o
decrease in total amount, of waler nsed by cach rice variety.
This can be ezplained thus: that increase in cumulative
moisture stress has o direet cffect in reducing the growth
and development, rate of the rice plant.  This effect is
exhibited by the production of cmaull-sized plants that need
a limited quantity of water Lo carry out, their metabolice
processes.  Thus, prowth 1o consistently reduced and water
use correspondingly limited.

-
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Some moisture stress (such as existed in a saturated but
unsubmerged soil) increased the grain yield of 0S-6. This
observation must be related to the intrinsic characteristics
of 0S-6 rice plant to perform better under upland conditions
than in flooded paddies, provided however, there is adequate
supply of water for good growth and development.

The main effect of high moisture stress on both rice varieties
seems to have been in prolonging duration of vepetative growth
coupled with decrease in yield.

The critical moisture potential for 0S-6 is lower (more
negative) than that of IR-20.

Consequently 0S-6 outyielded IR-20 at all levels of soil
moisture stress.

The yield differences in 0S-6 over that of IR-20 were attribu-
ted to the former's ability to produce bold grains, a higher
number of grains/panicle and longer panicles.

Although the number of tiller production in IR-20 was grecater
than in 0S-6, 0S-6 was definitely superior to that of IR-20.

Some characteristics of 0S-6 that are unfavorable to upland
conditions, include leafy canopy and lodging, caused by soft,
slender and long straw. Genetic manipulation can, therefore,
be done to transfer superior shoot characteristics into 0S-6
to further improve its performance under upland conditions.
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9. PLANT-WATER STRESS IN RELATION TO SOIL MOISTURE POTENTIAL

Little work has been done on the effects of moisture stress on leaf
moisture potential and transpiration rates of rice. Larcher (1963)
observed that among crop plants investigated, "only the ephemerous
annuals were exceptional by their high productivity per unit transpira-
tion"; i.e. they yield considerable dry matter with relatively low
transpiration. Maximor (1923) working on potted plants srown under soil
moisture conditions of h0-60 percent of ficld capacity reported that
all the plants srown in the drier soils yielded less dry matter and that
T out of 1? plants in the dry soils reduced their trancpiration more
than their dry matter production, so that these plante franspired more
profitably than their control, which received nan optimi  amount of water.
Tulaikov (1922) and Tumanov (1927) have reported similar results.

Tumanov measured watce consumption nd dry mattes production of some
culvivated plants throughout development from seedling to harvest and
calculated the »fticicncy of transpiration for cach stare of development,
He obscrved that the ¢ffi .eney of transpiration will inecrease with
increasing soil dryness on the averacre over an entire fFrowing season,
provided that wilting dces not occur too frequently or for too lons
during critical prowth stages.

The work reported by many researchers (Loustalot, 1045 Polster and
Neuwirth, 1960; HNeuwirth and Polster, 1960) concerning waler stress and
efficiency of transpiration indicates that the cfficiency of trangpira-
tion increases with increasing soil dryness, on “he average over an
entire crowing season. This was also obscrved for .. ce as shown by
the data prescnted in Chapter 8.

Theoreticully, dlecreasing transpiration is or  a matter of
increasing the resistnance existing in the series of conductors; the soil
itself, cells of the root, :ylem cells, the epidermis and the diffusion
as it occurs across the stomatal inter-cellular space into the atmosphere.
However, most of the resistance to transpiration lies in the epidermis
of the leaf and the air above it (Spencer, 1957, and Wagponer 1965).

In terms of transpiration it has becn reported that stomatal resistance
(r.) becomes limiting but with wide stomatal openings the external
environmental factors (ru) are more effective on transpiration rate
(Stalfelt, 1956). However, from works of Larcher (1963) Grastra, (1959;
1962) and Visser, (1963), the rate of efficiency of transpiration is
determined by the diffusive resistances existing in the leaf epidermis
which depend on leaf temperature and the vapor pressure deficit in the air.

Stomatal behavior can be used as an index in investipnting drousht
resistance in rices. BExperiments conducted at International Rice Rescarch
Institute (1973, 1975) indicated that there was a higher stomatal
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resistance in upland than in lowland rice varieties when grown under
similar conditions of soil moisture stress. However, stouatal
behavior is not a critical test, because its response depends on many
factors.

Martin and Juniper (1970)have reviewed the physiological effects
of cuticular resistance tc water loss during drought stress. However,
the water loss through cuticles is rather small compared with total
evapo-transpiration. Larcher (1976) reported that cuticular water loss
ranged from 0.05 percent to 32 percent in different species. Yoshida
and Reyes (1976) reported cuticular resistance values of 116 and 112
sec/cm for sorghum and maize, and that of the resistance of upland rice
varieties was observed to be more than that of lowland.

In most of the studies reported, the exact effect of the soil drying
on various growth phases of crop plants and on the moisture relations
of the plant itsclf is not investipated. Mukherjee and Narala (1973)
measured the diffusion pressure detficit {(DPD) in rice leaves over a
L2-day period. The DPD, monitored by the dye immersion technique was
negatively correlated with soil moisture content. In the first 10 days,
moisture depletion of the order of 5.25 percent, had little effect on
the leaf DPD. An increase of 85 percent in DPD was observed for the last
22 days when the soil moisture content under rice decreased from 14 to
.2 percent. Similar studies have been reported by Singh and Pande
(1973), although they did not observe any sipgnificant differences in
tissue hrydration among rice plants grown under submergence, cyclic
submergence, or saturuted soil conditions. Nevertheless, the tissue
hydration decreased significantly with increace in soil moisture stress,
during any phase of crop growth.

Tomar and Ghildyal (1973 a, b) reported diurnal variations in water
deficit, resistance to water transport, and the internal plant-water
relations of IR-8 rice. Wilting in IR-8 occurred at a turgor pressure
rather than due to the complete absence of the turpgor pressure. Wilting
was also found to be associated with marked chanpe in the elastic
properties of the leaf tissuc. The wilting also occurred simply due to
chunge in the resistance to wuter movement in plant tissues, and was not
even directly related to the 15 bar soil moisture suction. Tomar and
Ghildyal (1973b) also compared t-anspiration rate and leaf water
potential of rice pgrown under cubmerged conditions with that grown at
soil moisture suction of -0.33 bar for 56 days followed by no irrigation
until when wilting occurred. 'The trunspiration rate decreased with
increase in leal water potential (more nepgative), but it was independent
of the depletion of soil moisture content above 0.21 (-0.8 bar) and
0.18 (-2.0 bar) for plants grown in submerged and unsaturated soil
conditions, respectively.
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Greenhouse studies were conducted at IITA to investigate the cffects
of soil moisture stress on leaf moisture potential and tt  diffusive
resistance.  Leaf moisture potential was monitored by Pressure Bomb
equipment. The diffusive resistance was measured by Diffusive Resistance
Meter Model L1-60, technique developed by Kanemasu et al (1969). Leaf
moisture potential measurements were made at (i) mid tillering, (ii) panicle
initiation,(iii) 50 percent flowerin:, nd (iv) at rrain £illing stage at
0730, 1100, 1400, and 1600 during 3 conseeutive days.  Leaf diffusion
rates were monitored simultancously on identicel or the same leaves before
they were detached for the Pressure Bomb measurements.

In determining the 1 resistance (r,) the following procedure was
followed: foriontal Cencor Model L1-159 wue used to measure leaf
moisture diffusion rutes in TR=20  wand 0--6. The leaf was inserted
between the scnsor cups be fore meter recdings were taken. With the rubber
bulb attached to the dry tube, dry air was pumped into the sensor cup
until the meter read 10 on HUM=D rangze. This level of drying was maintained
for all meter rewdings throughout the experiment so as to ensure the
essentinl accurney needed in the readings obtained by this meter.

The meter was culibrated to transit times between W0 and 80 (HUM-2
range) and the time lapse between W0 and 80 ror each leaf was measured
with o stop watceh. This time lapse was recorded us 't' for each leaf.
The air temperature for the leaf was also read and recorded in Micro-Amperes
from hie meter, Micro ampere readings were converted to degrees centigrades
(OC) by the usc of a ecalibration curve.  The temperature was also obtained
from the slope curve. Leaf resistance, rg, was calculated from the
Tollowing equation:

ro = vy +t/s
where r, = Leafl resistance
S = Temperature slope (U/r)
~ l —l K o
ro = .4 sce. em o, intercept of temperature

calibration lincs on the atbscissa.

t = Time lapse between 40 and 80 meter transit
time on HUM-2 runge.

Three sample recadings were taken per treatment and the average
resistance recorded.

This diffusion poro-meter and the accompanying moisturc sensors are
capable of determining resistance to water loss by intact leaves with a
high degree of accuracy. A bead thermistor forms a component part of the
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sensors and this presses gently against the leaf to permit leaf temperature
measurements simultaneously.

In estimating the Leaf Moisturc Potential the pressure chamber
technique was employed. Leaves of TR-20 and 0S-6 rice varieties were
sampled for this determination. Care was taken to sample areas of leaf
blade that had identical exposurce to or shading from incoming radiation.
These samples were taken from adjacent arcas on both sides of the mid-
vein. The leaf half was slipped between the smooth surface of a split
rubber stopper previously couted with silicon rease and inserted into
the inner cover which was then fixed on top of the pressurc bemb chamber.

With the bleeder snd flow repulating valves closed and the gauge
shut-off valve opened, pressure was applicd from a cylinder of compressed
nitrogen thioupgh the pressure repulator. As the regulating valve was
opened, pressure was pradually increased al a uniform rate of about 10
pounds per cecond. 'The cut end of the leafl protruding about 6 mm above
the surface was observed with a manifying plass.  When water first
appeared along the cut surface of the leaf the pressure reading was
quickly recorded and the regulating valve closed. Then the bleeder valve
was opened to vent out thc system of the compressed air. When the
pressure gauge read zero, the outer cup was unscerewed and the leaf sample
was removed from the pressure chamber.

The analysis of variance table of F ratio and the numeri-cal data of
the leaf diffusive resistance and lewf moisture potential arc shown in
Tables 1, 2 and 3, respcetively. There are significunt effects of variety
and soil moisture regimes on both Lhe diffusive resistance and the leaf
water potential. Detailed analysis of the results is presented below:

Diffusive resistance. Leuf resistance to water loss (rg), a measure of
leaf moisture diffusion rate at different stuges of growth, is shown in
figures 1-5. At mid-tillering sturge (FPig. 1), there was a significant
increase in leaf resictance with increcase in moisture stress under this
investigation. 'The varietal effects on the leaf diffusive resistance
were not sipgnificant. ‘'The leaf dif'fusive resistance incereased with
increasing moisture stress from wero suction Lo H0-cm suction.

At panicle initiation stapge (Mig. 2), there were no significant
differences in the leaf diffusive resistance of 1IR-20 and 08-6 for the
soil moisture repgime of submergence, saturated soil, and suction ranges
of up to 100 cm of suction. Bul the hiphest soil moisture stress of
250 cm, the diffusive resistance of 08-6 was sipgnificantly higher than
that of IR-20.

Within a pgiven variety, moisture regimes had o hiphly sipgnificant
effect on leaf resistance at mid-tillering and at punicle initiation stage.
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Plate 1. Pressure chamber for monitoring
leaf water potential.

Plate 2, Monitoring leaf water potential
in the green house,



Table 1.
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Analysis of variance table of F ratio.

Source of

Leaf resistance

o L

-4y

resistance

Learl resistance

Leaf moisture
potential at

Leaf moisture
potential at

variation at panicle lowering at grain filling

initiation flowering grain filling
Variation (V) 0.21 0.35 10.9%% 10.1%# 106%*
Moisture regime (M) 6.0%% 5.o%% 0.5 2.7% 9.6%x
VX 1.9 0.8 0.6 0.7 0.7
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Table 2. Diffusive resistance in IR-20 and 0S-6 at different soil
moisture regimes (Sec. cm~1l).

Soil moisturc regime Panicle initial | 50% flowering Grain filling
IR-20 | 0S-6 | IR-20 05-6 TR-20 [ 0S-6
Submergence 3.79 | 2.79 3.26 3.34 3.43 h.57
Saturated L.19 | 3.8h 3.23 3.9k 3.53 h.11
Zero suction 3.95 | 3.70 3.15 3.23 3.01 L.60
25-cm suction L.o2 | 3.19 3.09 3.37 3.26 h.19
50-cm suction 3.81 | 3.89 3.65 3.55 3.27 L.27
T5-cm suction L.15 | 3.89 3.75 3.55 3.79 | h.15
100-cm suction L.h3 | b2 3.59 4.05 3.93 h.6L
250-cm suction L.98 | 6.95 5.07 L. 49 L. 3k 4.29
LsSD (.05) 0.47 0.32 0.L48
LSD (.05) 0.62 0.43 0.64
cv (%) 22.8 17.5 2k.o
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(1b/sq. foot).
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Irifluence of soil moisture regimes on leaf moisture potential

Soil moisture regime

Flowering stage

irain filling stage

IR-20 03-6 IR-20 08-6
Submerged 235 194 221 161
Saturated 224 210 210 164
Zero suction 210 179 208 174
25-cm suction 201 20k 229 179
5C--cm suction 230 205 225 206
T75-cm suction 218 208 250 194
100-cm suction 23l 232 2ko 194
250-cm suction 259 22l 271 218
LSD (.05) 12.5 9.2
LSD (.05) 17.0 12.2
cv (%) 11.7 8.7
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The relative increase in the diffusive resistance of 0S-6 at high soil
moisture suction was greater at panicle initiation stage than at mid-
tillering stage of rice growth.

At the flowering stage (Fig. 3) 05-6 also showed higher diffusive
resistance than IR-20 for most of the moisture regimes investigated.
The differences in the diffusive resistance among two varieties were not
significant. Moreover, the relative increase in the diffusive resistance
(rs Wwith increase in soil moisture stress was only slight. It is
interesting to observe that cloudy atmosphere with low, incoming radiation,
high humidity and low ambient temperature was responsible for this
slight difference in the diffusive resistance.

The data in Fijgure h, concerning the leaf diffusive resistance of
IR-20 and 05-6 at grain filling stage indicate significant differences
in both varieties. 0$-6 had significantly higher leaf diffusive
resistance than IR-20 at all moisture regimes. This implies that the
resistance of 03-6 to dehydration is greater than that of IR-20.

Figure 5 shows the variation in leaf resistance at different growth
stages. The highest resistance to water loss was observed at panicle
initiation followed by that at the grain-filling stage. The lowest rg
occurred at the 50 percent flowering stage of ;rowth. From mid-tillering
to panicle initiation stage, 0S-6 had higher rg values than IR-20.
Obviously, these are the critical growth stages for grain development.
These observations indicate differences in mode of leaf resistance to
water loss through transpiration at various growth phases of IR-20 and
0S-6. Furthee physiologically oriented research is required to investi-
gate anatomical differences in leaf structure of IR-20 and 0S-6.

Leaf moisture potential. Figures 6, 7 and 8 show the leaf moisture
potential of IR-20 and 0S-6 at both flowering and grain-filling stages.
There was a significant deerease in leaf moisture potential with

increase in moisture stres , in the two varieties. However, there were
significant differences a the leaf moisture potential of IR-20 and 0S-6,
at a given soil moisture stress. IR-20 had a lower leaf-water potential
(Ly) at the flowering stage (Fig. 6) at all the soil moisture regimes,
except for the submerged treatment when there were no differences in soil
moisture potential. The leaf moisture potential of 0S-6 was higher than
IR-20 by 12, 5, 15, 10, 5, 8, and 2 percent respectively for soil moisture
regimes in the increasing order of soil moisture stress. The varietal
differences were more pronounced in the medium range of moisture stress.

At the grain filling stage (Fig. 7), there were no definite trends
in the leaf moisture potential of both varieties. Though in both
varieties the leaf moisture potential decreased with increase in soil
moisture stress. This contrast in the leaf moisture potential of two
varieties at {lowering stage and grain filling stage may be attributed to
the differences in physiological growth stages of two varieties, not only
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to differences in maturity time but also due to differential lag imposed
by the soil moisture stress on physiological growth stage of the two
varieties. Comparison of the leaf moisture potential of the two
varieties for these two stages of growth is shown in Fig. 8. There was

a significant decreuse in the leaf moisture potential of IR-20 at the
grain filling stage compared with the flowering stage. 05-6 did not show
any significant change in the leaf moisture :»tential at a given stress
during these two growth stages.

The leaves of different ages sampled for leaf moisture potential
indicated a wide variation in potential values for the old compared to
young leaves (Fig. 9). Leaves 5 and 6, the oldest, had lower Jleaf
moisture potential than the most active leaves. The variation in leaf
moisture potential of leaves, 1, 2, 3, and h was somehow noteworthy, and
do not differ significantly among onc another. Because these are regarded
as the most active leaves, leaf 2 was chosen for the standard measurements,
such as those reported in Figures 7-9.

Measurements of the leaf moisture potential made at different times
of the day (Fig. 10) showed a wide variation in the potential values for
the two stages of growth. At the Tlnyering stage, the leaf moisture
potential of submerged treatments of both IR-20 and 05~6 decreased with
increase in time from 0800 hour to 1000 hour. But there was a sijgnifi-
cant decrease in the leaf moisture potential at 1300 hour, the period
of highest evaporative demand. The lcafl moisture potential of the highly
stressed plants (250 cm suction) did not show any significant «’urnal
changes.

The diurnal fluctuations in the leaf moisture potential at the grain
filling stage were significantly different from those at flowering stage
of rice growth. The highest (lesser negative) leaf moisture potential
was observed during the early hours (0800) of low evaporative demand.

The leafl moisture potential decreased significantly with increase in the
eviporative demands later ir the day (Fig. 10b). Once again IR-20 had
lower leaf moisture potential than 0S-6, particularly at high suction
(250 em) and when the evaporative demand was high (1300 hour). These
results are quite significant when characterizing the growth parameters
of IR-20 and 05-6 in Lerms of their response to soil moisture stress.

Transpiration rate. The leaf moisture potential and the difrusive
resistance arc the components of transpiration rate. The efficiency
of transpiration at the different growth stages as affected by soil
moisture regimes is shown in Figures 11-15.
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At the seedling stage (Fig. 11), the efficiency of transpiration did
not ditfer between the two varieties at low moisture stress. Up to a
soil moisture suction of 100 c¢m, therc were no differences in the
transviration efficlency, and the mean value was about 0.03. There was
a slighi increase in the transpiration ef'ficiency, with increase in
moisture stress. The transpiration cfficiency at the tillering stage
(Fig. 12) was significantly greater than at the scedling stage. Though
the varietal differences were not significant at the nigh soil moisture
stress, the transpiration efficiency of 08-6 was greaser than that of
IR-20 at low level of soil moisture stress e.g. below 100 cm of water
suction.

The transpiration efficiency generally increased with an increase in
growth stage (Figs. 13 and 1h). At the prain Tilling stapge, the transpi-
ration efficiency of 08-6 was preater than IR-20, but did not signifri-
cantly decrease with increasc in moisturc stress. The transpiration
efficiency of IR-20, however, declined from submergence to 25 em suction.
At 250-cm suction, the varietal differences were non-existent.

There werc significant varietal differences in the transpiration
efficiency at maturity (Fig. 14). The 09-6 had higher efficiency than
IR-20 at all moisture regimes. The transpiration efficiency of 0S-6
did not differ significantly with increase in moisture stress, but that
of 1R-20 increasedup to a soil moisture stress of 75 cm. Significant
influence of growth stage on the trantpiration efficiency of IR-20 and
08-6 is shown in Fig. 15 and Table b.

Yield in relation to leaf moisture status. In Table 5 are shown
coet'ficients of linear correlation of leaf moisture potential and diffusive
resistance with pgrain and straw yield and other yield parameters. Leaf
moisture potential at 50 percent flowering and at grain filling stage

had a significant negative correlation with grain yield, straw yield,
number of grain/panicle, panicle/weight, unit grain weight, dry matter
production at various growth stages, and with plant height at flowering
and at harvest. Number of days to heading were positively correlated
with leaf moisture potential. The correlation coefficient of leaf
resistance with yield and paramcters were senerally lower than that with
leaf moisture potential. Leuf resistance measured at grain filling stage
had no correlation with grain and straw yield. Leual resistance at
panicle initiation and at 50 percent flowering showed a significantly
negative correlation with grain yield, straw yield, and number of
panicles/pot. There was u positive correlation between days to first
heading and to 50 percent flowering with leaf resistance.

A careful analysis of the data in Table 5 supports the concept of
ucing Pressure Bomb technique for assessing the leaf moisture status.
The Pressure Bomb technique is the most direct method of assessing
plant-water status. ‘This technique is a destructive method and can only
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Table 4. Efficiency of transpiration.

3rd week Lth week 5th week 6th week 12th week
Treatments

=20 0S-6 IR-20 0S-6 IR-20 03-6 IR-20 08-6 IR-20 0S-6

b
23}

1. Flooded 0.007 0.011 0.0097 0.109 0.037 0.nk2 0.081 0.099 0.228 0.326
2. Saturated 0.01L 0.013 0.075 0.090 0.037 0.0ko 0.054 0.116 0.230 0.278
3. Zero suction 0.01% 0.013 0.115 0.099 0.0L7 0.058 J.052 0.11%4 0.195 0.235

L. Z5-cm suction 0.021 | 0.018 | 0.092 | 0.090 | 0.059 | 0.055 | 0.097 | 0.107| v.205 | 0.227
5. 50-cm suction 0.021 1 0.022 | 0.093 | 0.101 | 0.054 | 0.053 | 0.108 | 0.11c| 0.236 | 0.251
6. T5-cm suction 0.035 | 0.027 ! 0.084 | 0.120 | 0.078 | 0.071 | 0.121 [ 0.112| 0.175 | 0.263
T.  100-em suction | 0.056 | 0.055| 0.13L | 0.106| 0.068 | 0.06% ! 0.109 | 0.122 0.194 | 0.227

8. 25U-cuz suct.on | 0.686 | 0.252{ 02.363 | 0.153{ 0.131| 0.116 0.207 | 0.180| 0.267 | 0.259
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Table 5. Correlation coefficient of leaf moisture potential and diffusive resistance to
yield and yield perasmeters.

L2af resistance | Leaf resistance Leaf resistance | Leaf moisture| Leaf moisture
Parameter at panicla at 50% flowering| at grain potential at | votential at

initiation filling 50% flowering| grain filling
Grain yield -0.540 -0.31 0.07 -0.37 -0.70
Straw yield ~0.19 -0.17 0.13 -0.543 -0.71
Grains/panicle -0.1L -0.15 7 0.18 -0.47 -0.L8
Panicles/pot -0.86 -0.2L 0.38 0.27 -0.38
Panicle weight 0.16 -0.08 0.38 -0.41 -0.63
Unit grain weight -0.12 -0.20 0.40 -0.35 ~-0.70
Straw weight at
mid tillering -0.17 -0.09 0.k0 -0.30 -0.52
Straw weight at
grain filling -0.29 -0.26 0.12 -0.27 -0.61
Days to first heading .37 0.35 0.30 0.36 0.23
Days to flowering 0.38 0.47 0.35 0.10 0.0k
Tillers/plant -0.05 -0.21 -0.39 0.30 0.43
Plant height at flowering -0.1%4 -0.02 0.36 -0.43 -0.73
Plant height at harvest -0.11 -0.02 0.36 -0.39 -0.72




192

be used under field conditions to evaluate the performance of a lar;e
number of plant genotypes subjected to similar evaporative demand and a
given soil moisture stress.

Discussion

Leaf moisture potential and transpiration rate (i.e. leaf resistance
Tor water loss and transpiration efficiency) vary under different levels
of moisture regime at the early stages of growth, but at maturity these
remain unaffected by the differen+ moisture treatments.

These observations sugrest that the processes of metabolic rates
are most affected by moisture stress during the active growing period
of the rice plant. At maturity, the moisture stress effects on leaf
meisture potential and transriration rates are neglipible.

The leaf moisture potential snd leaf resistance measured at initial
flowering and panicle development stage are significantly (negative)
correlated with gruin yield. This indicates that moisture stress is
critical during those phases of development.

There are siguificant varietal differences amongst IR-20 and 03-6
in terms of their leaf diffusive resistance and leaf wmoisture potential,
particularly at modest levels of moisture stress e.g. 50 to i00 em of
water suction. Variety 0S-6 had generally more favorable traits at this
stress level than IR-20.

The trangpiration efficiency of 08-6 is fuperior to IR-20 at
Tlowering stage, grain filling stage and at maturity. Moreover, the
transpiration efficiercy of 05-6 is not si¢rificantly influenced by soil
moisture stress, indicating a greater stability in this cumparison of
the leaf diffusive vesistance and Pressure Bomb measurements in relation
to grain yield and overall crop performance. This indicates the superio-
rity of' the Pressure Bomb method for screening genotype in terms of their
drought tolerance. The Pressure Bomb indicates the energy status of
the moisture in the leaves and is not directly influenced by conditions
of tempcrature and humidity. On the other hand, the leaf difrusive
resistance is a function of so many other uncontrollable parameters e.g.
temperaturc, humidity, dryness of the leaf ete,

The Pressure Bomb technique can perhaps be further improved by
determining the relationship between leaf moisture content and leaf
moisture potentianl ¢.5. leaf moisture characteristics (similar to soil
moisture characteristics). Tn a clayey soil, the available water holding
capacily is greater and inflection point is less sharp than in sandy
soil. 3imilarly, the range of water retention in a drought tolerant
variety may be greater than in the drought susceptible variety.
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But this analopgv should be applied with cavtion. A vigorously
growing plant, with more active metabolic rate, muy have lower leaf
water potential than stunted plant with no rrowth, Therefore, comparison
of the prowth characteristics willh the leaf moisture churacteristics may
provide o better index for sercening varictbics arainst drought tolerance.

Varietal selection for drought Lolerance can be based on measurcments
of leafl wuler potential at o clven soll moisture steess.  Sinee leafl
rolling and leaf water potentiol are related, o visual leafl score for
the magnitude of leaf rolling can be wsed as a field eriterion for
screening germplasn arainst drourht tolerance.



194

References

1. Gaastra, P., 1959, 1962. |
Cited by Kramev, P.J. "Plant and Soil {McGraw-Hill Book Company , New York).

2. Hurd, E.A. 1068,

Growth of roots of seven varieties of spring wheat at high and low moisture
levels. Agron. J. 003 201-205.

3. TRRL (International Rice Rescarch Institute) 1973,

Annual Report [Por 1970, FRRL, Los Banos, Thilippines.

I, TRRT (International Rieo Resenrch Istitute) 1979.
Annual Report for 1o7h. ITRRT, Los Banos, ihilippines.

5. Kanemasu, 8.7, GUM. Thurtell; and .8, Tonner. 1969,
Desipgn calibration and field use of o stomata diffusion porometer. Plant
Phys. hh o 3872080,

6. Larcher, W. 1963,
cited by Olatycr R.0. "Plant and Water Relationshipe" 1967. (Academic
Fress, London & New York).

T. Loustalol, A.J. 1045,
Influence of soll moisuure conditions on apparent photosynthesis and
transpirution of pecan leaves. J. Apric. Res. Tl @ 519-532.

8. Martin, J.7. und Juniper, B.E. 1970.
The cuticles of plants. New York, 5t. Martins Press, 347p.

9. Maximor, MN.A. 10073,
Cited by Olavik B. "Water Shtress Tn Plants™.

10. Mukher'ee, R.K.; and R.P. Narala. 1074,
Influence of zoil moisture depletion on internal water relations of rice.
Riso 22 (1): 51-53.

J1. Neuwirth, G.; i. Polster, 1960.
Cited by Slavik B. "Water Stress In Plants".

12, 0'Toole, J.C.; and 1.7, Chang. 1977.

Drought resistance in corculs: Riece o cage study. Paper presented at
the Interuational Conference on stress physiology of plants useful for
food production. PBoyce Thompson Institute, Yonkers, New York, June
28-30, 1977.


http:muistu.Lr

195

13. Singh, P.; and HI.K. Pande. 1973.
Relationshiop Letween tissue hydration and prowth and yield of rice

varietiecs under Tevels of soil moisture and fertility. I1 Riso 22 (1) 55-58.

1k, Slavik, 6. 19673,

Relationchip betwern the osmotic potentinl of the cell sap and the water
saturation deficit. during the wilbing of oo Lioosue. Slavik - "Water
Stress in Plants” Proceedings of a Symposiun held in Prague, Sept-Oct.,
1963. '

15. Lpencer, HLJ. 1957,

Experimental studics on the factors controlling transpiration. The
interrelations belween Lranspiration rates, stomatal movement and leaf
content. J. Fapl. Bot. & ¢ h13=h3y,

16. Gtalfell, MoG. 19500,
Cited by Ulavik, B. "Walor Stress in Plantg" Proceedings of a Symposium
held in Progue, Sont.=0ct, ) 19674,

17. Tomny, V.o, and k1, Childyal. 1973a.
shoct note on the wilting phenomenon in crop plants. Agron. J. 65 (3) :
51h-519,

18. Tomer, Voo.os and BoP. Ghildyal. 19730,
Internal leaf wabor stotus aned Lrancport of water in rice plants. Agron.
J. 65 (6) @ 861-104.

19. Tulaikov, H. 1972,
Cited by Clavik, B. "Water Strees In Plants.
20. Tumanov, J.J. 1907,
Cited by Ulavik, B. "Waler Stress Tn Dlants®.

QL. Vissor, W.o. 196k,
Moisture roequirements of crops and rabe of moistbure depletion of the
soll. Tnst. land Weter Maegoement, RBes. Tech. Bull. 3.

2. Wegrmoneer, ok, 1905,

Cited by Clatver, ol "Plunt Waber Bolationshing ',
J b I

23, Toshida, 0., and B. de los Reyes. 1976,
Leaf cuticular resistonce of rice viriobios. sotl Sci. and Plant Nutr.
22 (2) ¢ 169-180.



196

10. ROOT GROWTH IN RELATION TO SOTL MOISTURE STRESS

Selection of rice varieties for upland corditions should also take
into counsideration the nature of the root system development of that
variety. ‘The desirable root characteristics for upland conditions should
consider (i) an extensive deep root system in the initial phases of
development so as to avoid dry and hot surface soil, (ii) extensive
lateral root systoem development, to help feed and extract moisture from
the inter-row vone, (1ii) viee ratio of root : shoot weigrht should be
high so us Lo aveid lodeine and Lo cnable cover lurger soil volume,

(iv) the root diwmeter and the welpht per unit lensth should be larger
for upland conditions. A thin and fibrous root system is more desirable
for paddy than ror upland conditions.

The erfect of molsture stress on the root system development of
rice iz not, well understood. Tt is, however, desirable that a suitable
upland varicty chould develop a decp and extensive root system to combat
drought stress.  The systematic  cercenine of varieties for their drought
tolerance wunder upland conditions should take into consideration the
influcnce of drousht stress on root syshem development.  For example,
Jana and Ghildyal (1066) reported that opiimum malric potential for the
development of radical in rice was 100 millibar (mb). Yamagata (1960)
observed that with irrigation, the nwwber of roots was high and the
branches developed well.  Murthi (1909) reported sipnificant differences
in the rute of root elousation of upland and swamp rice varieties.

Fuji (1901) reported that the curvature of the roots growing under
upland soil was different from those prowing in paddy. Varontsov (1965)

observed that submersion had harmful effect on root system development.

Similar results have been reported by Soepima and Kawata (1969).
Kawata et 21 (1906h) uwlso compared the root hair development and cell
taxonomy of rice vurieties grown under upland and paddy conditicns and
found noticeable differences.

Many scientists have reported that the root system of most of the
rice varicties is concentrated in the upper 5 - 10 em of the soil
(Rajagopalnn, 1957; Pelerents, 1958; Inforzato, ot al 1964). Wu and Lan
(1970) reported that 92.1 - 97.5 percent of the roots of six varieties
investigated were in the top 20 cm. Kar and Verade (1969) observed the
maximwn root prowth and penctration of rice scedlings prown in cylinders
when bulk density and peuetration pressure were 1.6 [;cm"3 and 36 kg cm'2,
respectively. Rice rocc pgrowth under saturated soil conditions was more
significantly related to bulk density than to soil strength.
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Rice root growth can also be affected by soil moisture stress and
soil temperature repimes. Sasaki and Yamazaki (1970) Tound that the
plant height and root developm nt of rice scedlings were positively
correlated wilth the pgormination rabe of Lhe seced wb low temperature.
Miyasuka (19770} cbopyed Shind, drainag of paddy increased the resistance
to rool lodiins ond calm bl param-ters that are influenced by root,
development..  Proowvasbiimey and P (1o reporbed benetieial cffoects of
mulching to Lhe fmprovements o roob desel pment and Lo Lhe decroase in
the number of non-productive Lillecs, Hicon and Ceruy (1970) found Lhint,
decrecase in the bulk density of the surface soil s o resull, of plowing
sipnificantly Tncreased Lhe poot Syt development, of upland rice.,

(o et ool (L97h) veldatod the production of roots under non-submereed
conditions Lo ubeoe of srowlh and oboeryved Lok roob number ind density
increased up Lo masbmu CilTeringe. Maurya and Ghildyal (1975) found Lhat
the root distribubion tu the nppor 50 em vone was roneral 1y high in
upland Lhan in oodod condiLion.

Various invecbicabions bewse also shudicd bhe roob-shoot ratio of
rice uo afrected by soil moisture streas. Bajaropalan (1957) reported
that th root-shool robio was rrostor in upland  than lowland conditions.
Ota and Leo (1970) roeportoed o alend U eant, correlabion bobween root
acbivity of ripening shoare with crain S1-lde This onservabion cin have
an lmportont, bearing on Cinad creain yield, particutrely duringe: Lhe
strecs condivions.  Dimilar obosorvabion: fieed been medse by Lo (1070,

Becent dnvestisations on stady of root syctom development of rice
varicbios heve Tndioaiod Lt pesisbone: Lo drowgsht 1o closely associated
with cxbensive, wnd deep root, systen (Loresto and Chane, 1971,

Paning baton, of 1 10755 Py, oy 176, and Parno and Cabuslay, 1977).

Root prowil ctadicn conducted of, TTPA in 1973 are presented in the
follc iing seeciion:.

Eefoect of moistiure vesime on rool prowlh o of TR=00 and 05=60.

(i) Roob wei, ht,:

ool weicht wan cipni Cleantdy influenced by soil moisture
roprime and ovaricobal et fechs,

The wetoweisht of root decrensed cxponentinlly with incrense
in molsture oteess Lo both varicbics.  00=6 hod higher root. masso
bhan PR=00 Por all the moistoare regimes investipated.  But bhe
relative decline from submerred Lo soburated soil conditions wao
only Y percent in 00-6 comprred with 99 percent, for [H=20.
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The maximum decrease in the root weight of 0S-6 occurred as
the suction increased from saturation at “he surface to saturation
at 15-cm depth.  The decrease in wel root weipht of 0S-6 under
zero suclion v 1%-cw depth, compared with that under submerpgence,
was 35 perceent, comparcd with (O pereent in ocase of IR=20. The
suvsequent decline in Lhe ool welont of both varictios was omall.
The bornl wet root mase of OU=i was =0 Limes icher compared with
IR=70 for ol coll moisture roecimes Tnventbioted (Table 2),

Dy oot weene o0 00=0 ad 18=00 1o shown in i“iyures 1 and 2,
Without and with cloaring tree addi® Tonsl cxbrancous materinl.  The
dry root masr oo tollows 4 et bern similar Lo L wel rool mass.
The OU=0 bed Slenificantly hicner Ary oot weleht ot all the
molotor vimes comprired wilh fheou. The polabive decline iu the
roct weisht o0 o0-00 s Lhee noloture ropies chongted from subnerpence
Lo smtaration, wao only siirht. Howevers, Lhere was o shary decline
b bl dry oweiche Or (R=000 0 The poot cystem o TR-00 is definitely
more Soited to cabmerced poddy ocnvironments than for drought. prone
wplaned cowdir oo,

] The tobal root number was also cienificantly
Influcnecd by varicty and soi | solcture ropime (Table 1), The
analyses o Lie nuamber of roots s intlucneed by soll molsture
repime suel o vaelotal crfect (s opoeesented in Table 2. Contrary to
Lthe root weichty Lhe mwmber of roobs wog hirsher in TR-00 than in
O5=06.  MThe diCferapeos wope particutarly hiygh for submergsed and
saturated soi b molsture resimes. The root mmber in 08-6 for the
submer;od and Sotbarated ol sture procieen wos only 6f perceent and
0 percent. o corresponding root number in [R=20. The relative
deeline in the total mmbor of roots with ineresse in suction was
considerably mor in iH=20, comparea with Lhat of 05-6. TFor soil
moisture recine of wero suction b h—en depthy the root number
of TR=20 hiwd borensed Lo onldy b onoreont of submerped Creatment..
A similar decline for 00=0 wis only to 44 pereent. The total root
nunmber b high soll moistire suction of 50 cm of wiloer woas
Ldentical in both [R=0 and O0=f,

Boot by,

Rool. diame tor., Cinee the rool o weicht of 09=6 i¢ nore and Lhe

root number s Lower than thal of 12-00, ite root diamcter and

bhe weipht of o amall rool section must alco be more thon Lhot of
IR=20 (Table ). Bt dimmeter of 05-6 was sieniricantly (Table 1)
more Lhan Lhal of 1R=00 b o1l the soil moisture repimes investi-
rabed. As bhe coll woisture resime changed Crom submereence Lo
saturated conditions ab the sourface, Lhe root, diamebor of TR=20
decrensed by 1O pereent, whereas thal of 00=0 incerensed by 9
percent. The root diameber of both varicotics decercased as Lhe soil
moistur~ suction incrensed from saturation at the swurface to
saturation at lL-cm depth. Larper rool dismeter of 05-6 than that


http:sl"lO'fni.ee

ROOT WEIGHT (g)

199

FLSAT 0 50 100 150 200
SOIL MOISTURE SUCTION (cm)

Fig.l. Root dry weight as influenced by the soil
moisture regime (without clearing).
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Fig.2, Root dry weight as influenced by the soil
moisture regime (after clearing).
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the root system development as

Source of Root Root Hoct system Root section
variztion Siameter nunper area weilght
Varisty (V) L1, 38,0%# 25, 0%% S, 3% 20.0%# 109#%
Moisture regime (M) Z.o% L 7% 2.2 5.8%#% z.5% T.3%%

0.6 0.8 1.1
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Table 2. Influence of soil moisture regime on root systems development.
Roct dizme*zr| Root wet welgnt| Foot dry wzishtiRao: number/| Root system Weight of 3 em
Moisture regzims nm e/vlant g/vlant Tiant area (cm2) root section
IR-20 | 03-6 IR-20 { 08-6 TR=20 | Go=r TR-20{00-6 IR-ZC) 28-¢| IR-20 | 0s-6
Subniercegd i.25 1.05 59.2 95.3 9.73 | 1i.7c L0 Looji.hs 2.2%¢ 0.36 0.85
Saturated 1.05 1.3¢ 2.5 90.0 3.40 11.30 257 207 2,97 1 20530 0.3 0.73
Zero suciiocn 1.08 1.29 38.1 £1.5 2.50 £.78 1T L7 10.¢% 1.36] 0.23 0.50
25-cm suction 1.02 1.18 1L,z 52.6 2.23 £.5¢ 160 Ly 9.2 .71 2.22 0.42
50-cm suction 0.79 1.29 | 192.9 6.7 z.l S by 171 123 10.5% | 0.15] 0.19 0.543
T5-cm suction 0.91 1.30 ] 1i5.9 62.7 2.7k T.32 120 128 17,65 £.14] 0.18 0.48
100-cm suction | 0.90 1.42 | 10.5 6.7 1.75 3.77 113 131 |0.67 | 1.712]0.12 0.L48
250-cm suction | 0.90 1.15 16.1 55.5 2.51 .l 113 112 |0.68 1.23] 0.16 0.Lk9
LSD (.05) 0.17 1L .3 1.kg 37 0.35 6.20
LSD (.05) 0.22 19.1 1.99 Lg 0.46 8.27
CV (%) 27.9 2.1 51.8 Lho.1 57.9 31.9
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of IR-20 makes the former variety more cuited for upland
conditions than that of the latter. A large root diameter enables
a deeper penetration throwrh hard and dry soil than fibrous root
systom.

(iv) Root system arecuo. As o one would cxpect from the comparison of
total root weipht and the diametoer, the root system area of 05-6
was also more Lhan that of [R=20 and it followed a pattern similar
to that of root diameter (Table ).

(v) Weipht of 3 - cm root sectlion. Data presented in Table © and in
Figures 3 qnd b show sipnificant difforences (Tablc 1) in the
welpht of J-cm root sccebion due bobh Lo varictal differences and
to effects attributed Lo variations in soil moicture repimes.

The weight of 3 cm of root seetion of 05-=06 was =W Limes that of
IR=-20 1t various soil molsture reprimes.  The varictal differences
in weisht of “-cm root scetion wnder o ubmerpgence wna optimal
moisture regimes were rather small. 7 difforences increased
with an incrcase in molstare stress, and were in favor of 05=06
althouish the rejative decrease in the unit root weisht with an
incrcuse in moisture stre miy nob be oipn’ficantly different

in the two varictics investited,

(vi) Root. lenpth. The influence of soll moicture repime on root
lengbh of IR=-20 and 065-~G s shoun in Fig. 5. The root length
measured after washing, was sihrnificantly move in 05-0, compared
with Lhat of IR-20 for all the molsture treatments.  The root
length of 0S=6 wis not difterent ab different soil moisture
regimes.  There wns o slipght inereasce in root lengrth with increase
in soil moicture suction from zero, S0 and 7% cm, (ollowed Ly «
slight decrcuse in rool lensth at suetion of #50 em.  Root length
of TR-20 was the lowest for the submerped and saturated soil
treatments, and increased cipnificntly with increase in suction
from saturation at the surface Lo saturntion at 1%-cm depth.
There was no difference in rool Tenirbh off 1R8=00 ot soil moisture

regrimes of 25, S0, (S, 100 and 50 em oof water suction (Fim. 5).

Rool prowth nnd prvain aond strav yicld.

The coefficients of Tinear correlation between various paramcters
of root prowlh described earlicr, prain wad straw yicld at various gsrowth
stapges, and prals giceld parameters arc shown in Table 3.0 Both dry and
wel roob weiphts were sienificantly corrcloted with prain yicld, straw
yield, number of grwins/panicle, panicle weight, unit pcrain weipght, and
with dry matter production ot varions prowth stoges.  Similar correlalions
cristed with root diamceter, root system aren, and root sceebion weipght.

‘The npronomic importance of Lotal roos number in relabion Lo preivine and
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Fig.3. Effect of soil moisture regime on root weight

per unit length (without clearing).
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Fig.4. Effect of soil moisture regime on root weight
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Table 3. Correlation coefficient of root systems with yield and yield parameters.
Root wet Root dry Rooct number/ Rcot system Roct section

Parameter Root diameter weight welght plant areag welght
Grain yield 0.65 0.7h .76 0.30 0.60 0.69
traw yield 0.73 0.86 0.55 0.26 0.63 0.86
Grains/panicle 0.543 0.59 0.53 -0.17 0.38 0.56
Fanicles/pot -0.16 -0.21 -0.12 -0.53 -0.13 -0.34
Panicle weight 0.46 0.57 0.5k -0.16 0.42 0.61
Unit grain weight 0.52 0.59 0.53 -0.20 0.45 0.66
Straw weight at
mid-tillering 0.56 0.71 0.7k 0.16 0.58 0.6k
Straw weight at

grain filling 0.62 0.66 0.72 0.L47 0.63 0.66
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straw yield was not signifizant. The number of panicles was not
correlated with any of the root parameters.

The varictal screening for drousht tolerance must, therefore, include
evaluation of the rool systom development of these varieties. The
important factors incluwic web ad dry root wiss, root depth, root surface
area, and rool dimmeter. These chiracteristics are summarized as follews:

Root charncleristics for upland conditions

The anadysic of resnlls presented in this and previous chapters
strongly Indicates the following characteristics of 05-6 in favor of
IR-20:

(i) Deecper root systen,

(ii) Higher total root mass, particularly when grown at high
soll molsture stress

(iii) More  root diuameter,

(iv) Fewer and stronger ronts designed for deeper penetration
and to prevent lodgine,

(v) More cross-section area to come in contact with large
1’0oy volume,

(iv) Higher root: shoot vatio for better water absorption and
uptuke,

These are certainly more desirable characteristics for upland
conditions FLeTd experiments condueted on 09-6 both under upland and
valley doltom vresions support these conclusions. The 05-6 has generally
outyielded IE-"0 wnder upland conditions in most of West Africa. Upland
varicties should, therefore, be selected for most of these root charac-
teristics nentioncd above. The leld techinique of cxamining root rystems
is importaat in this commection.

Perhaps the mini-rhicotron system developed by Bohm (1976) can be
used.  This technique has also been used at TITA for investigating
tillage influcncees on root syslem development and it shows promise.
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Conclusion

The upland varicties such as 0S-h and 0S-6 have better root system
than lowland varieties e.g. IR-20. The root system criteria for
screening against drought tolerance consist of deeper root system, more
root length per unit weight, continuous development of root system even
during flowering and heading stages, and high deep root-to-shoot. These
criteriu have been found to be correlated with drought resistance as
measured by grain yield, and can be used for screening varieties for
tolerance to drought stress.
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11. MOISTURE STRESS - FuRTILITY INTERACYTIONS IN RICE

The influence of soil water stress on prowth and development, of
rice can be significuntly influcnced by the amount, kind, and method of
fertilizer application. A considerable volwne of data has been reported
+n the literature concerning moisture stress-fertility interactions.

Nitrogen and moisture sthress:

Enyi (1961 i, L) roeported that the number of dead leaves inereased
with an increace in moisture stress, bul decrcascd with supplementary
nitrogen application, Do Dotba and Yarate (1970) oblained optimun yield
under moisture stress by applying hipgh eate of N Cimilar results have
been reported by Phattocharya of ol (1070), and Ghildyal (1970).

The inberaction
supply s been invest
Datta ct onl 1006, e |
1972, Guplu and Fabhoavata, 1970) 0 LKoo ol al (1972) reported that 90 kg
N/ha siegnificannly inercased prain yiceld over 60 ke M, but, 120 ki H/ha
preduced no further increase inoyield.  Lack of response to additional N
vas attributed Lo the Timited sunshine hours in Keralwa, in southern Tndia
(Achuth in=Hoyor ctoal 1973). Shinde and Srivistava (1970) comparcd the
influcnee of continuous submercence with upland conditions @t 10 and 100
Kep W/hao Thee influence of waber Lreabment, wis shenificant only ot hiph
[0 level. The bipghest greain yicld and B ouptehe occurred when submerpence
was continued from transplaobing to Clowering or bo maximunm Lillering.
Tavin ef, ad (1975) reported oo foerease in the protein content and a
deercase in the ash eontent of rice plant wvhen prown on soil with pl* from
O to 2.7, Islam and Ullah (1973) reported from pot culture cxperiment
conducted in Bangsladesh that high srein yield of rice wasn assoeinted
cither with continuous submergrence without fertilizer, or when soil
moistbure was kept ol field capueity and when supplementary fortilizes
applications were made. They conceluded Lthat, Lhe benefits of submelpence
can wloso be obtained at Cield capacity by supplying additional N, P, and
K. Similar result:s woers: reported by Dinghoand Pal (fl‘,')'(ﬁ%), who reported
the Mighest yicld <iLher by conbinuous subnmerpence from Lrancplanbing Lo
maturity, or with 150 lyr O/he and submergence only unt.il ©%5 DAP, followed
by saturated soil conditions for additional ) days.  Terman and At len
(197h) uiso concluded Prom Lheire crperiments on waler mansyrement, in orice

scbween soll moisture repimes and levels oi nilrogen
fibed by muany workers (Do bDatta et an 1966, De

Jh b wnd Mymuay e 1909, De Datba of, al 1969, Tokyi,

Ehat, high rate of 0 oand oare necescary for o cquivalent, rice yields from
upland conditions compired wilh submerspred Towland rice.,

Appurently from Lhe review of literature presceoted, soll submerpgence
does improve ferbility status, ot least for some of Lhe escential nutrient
elements.  The cxoct wnount and type of various nubrienl elements will
also depend on the soll Lype. In penceral, one may conclude that
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unsubmerpged rice needs higher levels of N than submerged rice, to produce
equivalent yields. TFor nutrient uptake and availability, there also
exists a simuificant interaction of moisture regime with the method of
seedbed proparation, whether the secedbed is prepared with or without
puddling.  Sanches (19(3) concluded that puddling decreased losses off
applied N both in vicld plot and in greenhouse barrel experiments
However, o sipuificanl differeuces were obscerved amonrst puddled and
unpuddled soils, 2lther o grain or sbrow vield or in the uptake of N,

P, K, ¥n oor oi. Contrary to the results of Sunchez, Crom cxperiments
conducted on the same soil type and under similar climatic conditions
(Philippines), De Datbo wnd Karim (197h) reported 2.5 times higher
nitrogen efficicncy in puddled than in unpuddled soil. The plants grown

i
in nonpuddled soil had less nitrogen content and lower prain yields.

Phosphorus uptake and soil moistbure conditions:

Many workers have reported mor: uptuke of b by rice in submerged
than in upland conditions.  Giovdeno and Morbvedt (1972) reported that
dry matter production and P uptake were doubled and that Zn uptake was
up to five times more in submerred than in upland conditions., Similar
results have boeen reported by Jha et nl (1973).  Sanchez (1973) also
observed that the bonericial etffeels of rlooding varied with the level of
available soil P In goil of hivh P oavailablility, no differences wvere
observed when riee was prown under continuous submerpgence, on a partially
oxidined vrofile, or when flooding was delayed from 15 to 3% DAS. Severe
drourht stress, however, decroased rice prowbh and P ouytake. It wvas
concluded that boneficial effects of flooding on P uptake by rice depend
both on the availlable P level and on the Lype of wulber management
practiced. Upadhys (1974) did not observed sipnificant differences in P
uptake undor continuous submerprence or with cyclic drainage. Sahu and
Misra (JQTH), and Patel (1979) also reported an increasc in P uptake by
rice grovn under submercence or saturated soil conditions.

Micro-nutrient and soil moisture repsime:

Th - soil moisture vegrime, depree of coaturabion, and/or oxidation or
reducing conditions in soil mowinge riee can sipnificantly influence the
availability =and uptake of micro-nutricnts.  Giordeno and Mortvedt (1972)
reported morc recovery of applied “n from flooded than from moist soil.
n uplake woe Cive Limes more under looded conditions compared to that
ol moist soeil. Ganerwer and Mo (1070) mlso observed that {looding
wnereased the tiscue contents of Fe, M, and 2o, The uptake o Yn,
however, wlso depends on soil reaction.  For cxample, Wells et al (1973)
reportec that flocding nlkaline soils reduced Lhe availability of native
dn. Geedding chlorosis on flooded soils vwas abtributed to %n deficiency.
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Many workers have reported the influcnce of looding on the uptake
of other micro-clements.  Iolam and Iolam (1973) reported hipher concen-
tration of N, P, K, Ca and Fe in ricoe plants prown under submerpred
conditions than at ficld cuapacity. 'TiLler and Unsscermam (1973) reported
that flooding doubled Lhe total amount. of available Moo oin a1l the four
soils investipgntoed.  They also reported ondy o sliphl incrense in Yn
uptuke under flooded conditions.  Tavie of, nl (19th) observed thed, I, K,
Mn and M contente fo the rice plant decrensed wibh deereasing: soil
moisture content.  Ghoneim ctoal C19h) also observed that bhe concentra-
tion of Mn in soll and rice plants incercased sipnificantly o Lhe period
of noll submersence was increased.  Sinehoand Singehc (1975) reporbed
hiphcr uptabe: of e and Mo ander winborloered condi bions,

submeryginge the rice—prowingeg socls cither with pol fbuted wabter, or
those solls whilich rolonse ik concentration of orpanie acids on submer-
rence, cnn advercely af oot riee rrowth and yicld, Tokuniyr etonl (1971,
L97) reported poor crop rowth when rice was e snboed with water
pollubed with I fvop industrial plants. Moraes (1974) observed thot,
organic aeids  orodaced due Leoanserobic conditions in submerped soil
couwld heeve deloberious et on e, Prjanicsamy of, il (1977 3) round
Lhat increasce ia Lhe sodiam aboorpbion ratio (SAR) levels of Lhe
Lrripation water considerably decreased crowbh, prrain and ot yields
ol rice.

The czperiments were conductod in Che precnhiouse duringg June 30 -

)

October 4, 197 with the following: objectives:

(i) to determine: the interaction between molsture ropgime and levels
of N application on rice,

(ii) to determine Lhe differentinl varictal response of IR-20 and
03-6 to moisture: nibtrogen breatments.

The moisture treabments consicstoed of continuous submerpence of
o=cm, 100-cm wator suction at 15 cmy and 250-cm sucltion ot 195 em depth,
There were four levels of nitroagren application: 100 ppm, 200 ppmy S00 ppm,
and KOO ppm.  Hitrogpen application was maele in the form of (HHI‘),).")())'
with three split applications in Ghe rabio of 503 300 and ho percent,
applicd ot plantineg, and b 5= and Goweck ohogse of crowth.  Phe inter-
action belween lovels of nitropgen and woisbure streess wns investirabed
for both TH=20 and 00-6. Paeh Lreabment combination was roplieated four
Limes and the conbainers were dicbributed in Lhe recnbiowse cpnee cecordiogn
Lo o conpletely randomived dosipn,

The surfuce soil from Apomne soil serics wan packed o conbainers 39 em
in cimmeter and 2O em o decp Lo btk density of Lo ew™ 0 Coil wae prochoed
Lo b em from Lhe upper cdpee of Lhe container,  The irrieation cchoedole
wan repulated Lhroush Lhe use of Lensiometers insballed at 19-em depth,


http:ffl'Iw.Ii
http:sliit.li
http:mount.il
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Addition of water to the soil was done through subsurface irrigation,
facilitated by a perforated tube installed in the center of the drum.

Periodic obscrvations were made for plant height, tiller count,
leaf aren index at 50 peeeent lowering, leaf moisture potential and
the leaf diffusion rate, dry matter production at varicus growth stages,
and grain yioeld and yicld components.

Various prrameters of root growth such as root welght, root length,
diameter, cte. were invesbipated at maturity by carefully washing the
roots from Lthe soil in «ll the treatments. The results are presented
below:

Plant hoirhi, The influence of soll moistwre repgimes and nitrogen
levels on plant heiphl of TR-20 and 05-0 is shown in Fijure 1. The
analysis of variance table of I ratio for plant height at various growth
stages (Table 1) indicates sipnificant effects of moisture regime,
nitrogen levels, varicty and the interaction between variety and nitrogen
rate for different provth staces,  00-6 sienificantly grew taller than
IH=20 ns from 20 DAS.  There were no sienificant differences between My
(submermcnce) and M, (100 cm suction) levels of moisture repgime, but M
treatment {950 cm of water suction) grew the shortest, particularly at
the hiphest rate of N application. Hifgh N rate and the highest moisture
stress had the most detrimental effect on plant height of both IR-20

and 05-6 (Appendices 1-9).  The plant growbh and vigor of TR-20 and

05-6 under different moisture regimes and nitrogen levels are shown in
Plates 118,

Tiller count, Influence of soil moisture repgime and nitropen levels

on tiller count was identical to that of plant heipht (Fig. 2) and
Appendices 10-01 . The varietnl effects on tiller count were not
signiticant (17 lovel) until about 60 DAS (Table 2). 05-6 had considera-
bly lesser tiller count than TR-20, for @1l moisture regimes and levels
of nitrogen application. The increase in soil moisSure stress sipnifi-
cantly incressed the tiller production in the two varieties, but the
tillers were not all productive.  Tnerease in N orate also increased
tiller production. The interactions bebween moisture regime and variety,
and nitroren level and varicty vere also sipgnificant for the maximum
tiller count.

Dry matter production ab various prowth sbtapes. Table 3 shows the
data of dry matter production (shoot unly) 25 influenced by soil
moisture vepime and level of nitrogen application for both varieties.
Detail analysis of dry matber production at various growth stapges is
shown in Appendices 20 and 27, and in able 3. WFinal straw yield
increased exponentinlly with an increase in the rate of N application
until 300 ppm N for Lhe submerred motisture repgime,  ‘lhere was a decline
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Table 1. Analysis of variance table of F ratio Tor plant height measurements at various DAS
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N; = i00ppm Nitrogen
V] = IR-20

V, = 05-6

M; = Flooded Scm depth
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N, = 400ppm Nitrogen
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Table 2. Analysis of variance table of F ratio for tiller count at various growth stages.
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Taple 3. Analysis of variance of F ratio for dry matter production at
various stages of growlth (DAS)

Source of variation I ratio

20 ho 5k 62 90 110
Moisture (M) 0.h2 | 2o, 3% |26 Lokx| L9 70%* [ 285, 07%%| 28, 6L%*
Nitrogen (N) 1.55 | 1.31 6.53%%|  0.95 2.11 17.96%*¥
Variety (V) 0.11{ 0.13 Q8. T8%% | L, 39% 8.7h® | 39,01%*
MXN 1.46 | 1.21 0.95 2.31 3.08 12.00%%
NXV 0.27 | 1.37 2.5k 3.15 1.62 1.71
MXV 0.91| 0.90 2.1 1.3k 2.22 0.98
MXNXV 0.54] 0.50 1.88 0.90 1.36 0.64
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in the dry matter production for the 400 ppm N rate for both IR-20 and
05-6. 'The 05-6 had consistently more dry stiraw welght than IR-20.
Nitrogen response for 100-cm suction was identical to that of the sub-
merpged Lrealment, cxcepl that the magnitude of increment in straw weight
with increase in nitrogen rate was less.  There was practically no
nitrogen response Lo straw woelght for the soll moisture treatment of
250 cm of wuter suction.

Grain yicld. The influence of cumulative moisture stress (cm—days) on
the tobal grain yicld of [E-20 and 05-6 is shown in Pipures 3 and b
respectively.  The data indicate some fine points concerning the upland
characterictics of 00-0 compured with that of [R-20, nnd the nitrogen
response wunder upland compured with submersged conditions.  Under submerged
conditions, the prain yvicld of 1R=-20 ineressed wilh increasing level of
N application. Bubt as the soll moicbure siress increascd, therc wvas a
significant decline in grain yield with inercasing level of N oapplication.
For the 100-cm suctlion, tLhe gsrain yield of 1H-20 was in Lhe order of 250
ppm H>100 gy N2 500 ppm §-h00 ppm U, #or the 50-em suction, the prain
yicld o 1E=20 wis cxactly in the order of 100 ppm N2200 ppm 1300 ppm
N>h0O ppm 1. Flooding or subnerged conditions were cortuinly not being
compensated for by adiitional application of I as far as grain yield
production potenticl or [R-00 was concerncd.

The yield response of 0G-f at different levels of I application and
soll moicture stress was drastically different from that of TR-20
(Fig., W), Under submerged condilions, the yicld of 00-6 levelled off
at 300 ppn L. For the 100 ppm U rate, 06-0 maintained o conchant grain
yield even up Lo o cundnbive soll moilsture strecs of 20 % 10> cm—days .
The prain yicld of 05=0 was Sipnificantly more than that of [TR-20 for
all nitrogen levels and ot mediwn soil moisture stress (L00-cm suction).
The N rate of 200 ppm and ot the soil moisture repgime 100-em suction
produced mere  prain yicld than 100 pom W under submerged conditions.
Ti. e werce some, thoursh not, substantiol, beneficial effects of extra
nitrogen ot low level of soll molstuce stress,

Yield components. The inflnence of soll moisture stress on yieldd
components of IR-20 and 05-6 is slown in Tables b oand 9 The detalls
and stutistical annlyses of cach of Lhe yield components are presented
in Appendices 28-20. Unit prain weisht and prain velpht/panicle were
significantly more for 00-6 than with Lthat of IR=20. Percent floral
sterility of 05~ was hipgher than thet of [R=20 ab lower suction, but
was reversed al oo hicher soil molsture stress.  Various yield components
followed o similar trond Lo that of creain and strawv yicld.

oot prowbh, The dabn on rool, welpght, root leapth, root diamcter ete,
arce shown in Tables 6 and 7 and in Appendicen $5-3%9 . lnder submerged
conditions, and for 100-cm moisture suction, dry root welpht sipgnificantly
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Table L.

stress

[¢]

ompenents of IR-20 and 0S-6 under different levels of soil roisture

Straw yield| Grain yield
% Sterile florets grein/pot grain/pot
Treatrments I5-20 0z-% IF-20 C5-8| 1IR-2C | 0S-6
100 prz 1.9 3.3 .73 T.32 132 156 RN 2LLT 2.08 5.:3 97.7 153 136 182
35> @ 205 pem U 1.5% 3.5- 7..5 15,38 £2 157 PRI all 2.3z .81 2z:z &7 223 232
A
oL 300 prz 1.52 246 .02 .33 133 177 93¢ 2,75 o7 289 513|283 264
o N30 fpm 1.53 3.3k £.61 4.3 135 162 23l 6.4 2.52 L.os5 373 L26 303 255
Varietal mearns 1.75 3.49 6.68 7.07 154 164 $3.3 53.2 2.88 5.0L 272 357 2k9 233
= 190 o 1.33 3.43 s.08 | 12.2 173 18T 95.0 | &3.5 2.:8 | L.z 210 | 255| 150 176
o & 20 1.56 3.37 5.19 12.¢6 101 61 22,0 87.5 1.50 4.63 230 Lo 185 199
PSS - I
Dgf’ o 200 prz 3 1.55 1.5% 23.2 57.3 70.7 e7.7 76.8 L2, 0.8% 1.38 272 LTl 93.9 83.0
~ <
7 L0C ppm o n 3.42 3.14 57.0 32.5 L2.3 120 L3.0 &7.5 2.26 2.Le 19€ La27t  13.9 121
Varietel means 1.42 2.97 22.6 28.6 96.5 |129.2 76.92 % T1.L 1.3L 3.20 z27 395 112 i4s
& 100 ppm N 1.47 2.93 hz.1 29.9 83.2 102 57.9 70.1 0.7k 1.74 146 268{ 60.0 sk.0
o
cf,o“ o 209 vom § 0.91 1.02 50.7 72.3 61.7 4.3 L9.3 27.7 0.45 0.58 173 327 b7.8 33.1
& 290 po 0.kt 9.90 70.9 i6.2 66.3 | 67.0 29.1 | =23.8 0.62 | 0.60 w6y | 270| 16.2 | 15.0
o ‘;5-* 430 pp 6.00 0.00 100.0 200.0 0.00 | 18.7 0.00| 5.3 0.00 0.09 £3.0 129 0.00 5.07
—5,7
Verietal means 0.70 1.21 65.9 €9.6 52.8 65.5 3h.1 30.% 0.45 0.53 1Lk3 2Lo 31.0 26.8
LSD 05 ARC 1.11 27.7 52,3 19.1 0.92 137 339.9
5 0.51 17.L 16.3 13.1 0.L5 L5 .0 20.7
z 0.5¢8 2.37 22.3 11 0.27 L9.5 11.5
> 0.32 7.99 12.2 5.52 0.26 39.5 27.6
oV 34,25 62.0 22.7 17.1 23.9 25.6 17.8
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Table 5. Analysis of variance table of F ratio for yield and yield components.

Unit No. of Sterile Grain Days to Dayé
Source of Grain grein filled Panicle | grains/ { Panicle | weight per| first to
varization yield weight greins weight panicle | length panicle heading maturity
Moisture (M) 228, 1%* 3L.3T*% | 112.0%% | Lo, G¥%% L1, o 31.2%% 592.5%% 157.58%%] [117.7*%
Nitrogen (W) 5.1%% §.o0%#% 10.9%%} 1.6 3.35%% | 15, 3% 13.0%% 95.53%% 35.95%*
Variety (V) 0.6 66, TT** 1.4 0.9 Q.8%* 6.3% 128.8%* 20.70%* Lo, L3%*
MW 18.12%%| 2,31 3.9% C.5 L.ool*x | g L= 5.0% 26.70%* 10.35%#
NXV 6.8%% 6.13% 0.3 0.03 2.7 0.5 18.3%% 0.75 5.12%
MXV 1.5 1.20 3.7% 1.0 0.9 1.6 2.5 1.84 0.77
MXNXV 3.9% 1.74 2.7 1.14 1.1 0.8 1.8 1.3 L .8o%*







Table T.

228

Analysis of variance table of "F" ratiu for root growth.

Source of variation ¥ ratio
Root length Root diameter Dry rcot Weight of 3-cm Root number
weight section

Moisture (M) 3.2 L.g6% Q.25% 15.73%% 6.36
Nitrogen (IN) 0.9 3.13 3.LhLx 1.08 1.09
Variety (V) 17.6%% 16.78%% 3.61 2.67 0.06
M 3.17% 1.87 3.11 1.12 1.63
NXV 1.70 0.95 3.52% 11.75%* 0.55
MXV 0.84 0.12 1.5k 1.50 1.15
MXIXV 0.57 0.9%4 0.75 1.65 0.50
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increased with an increase in nitrogen application up to 300 ppm N.

There was a significant decrease in dry root weight at 400 ppm of N.
There was no response to N application for dry root weight at soil
moisture suction of 250 cm. Root number was drastically decreased by an
increase in the moisture stress. The total root number of IR-20 was 820,
459, and 518, respectively, for submerped, 100-cm suction, and for
250-cm suctic~., There was a similar effect on the rool number of 05=6
(Table 6). Mean root diameter of 05-6 was consistently preater than that
of IR-20 at all levels of moisture stress and nitrojgen application.

There was an increase in root diameter with an increase in nitrogen rate
up to 300 ppm, followed by a slight decrease in diameter at 400 ppm N.

Leaf moisture potential and leaf diffusive resistance. The influence

of soil moisture repime on leafl diffusive resistance and on leaf water
potential at different times during the day is shown in Tables 8 and 9

and in Appendices L0-50.  Even in the morning during low evaporative
demand, the leaf water potential decrcased with increasing moisture stress.
Leaf water potential of IR-20 was lower (more nepative) than that of

05-6, particularly at high moisture stress. Nitrogen application decreased
leaf watcer potential at 250 em of water suction, but inereased it for

the submerged treatment.

Contrary to leafl waler potential, the diffusive resistance of 0S-6
was greater than that of [R-20. The diffusive resistance also increased
with an increase in woisture stress. High nitrogen application rate
increased leaf diffusive resistance.

Thercfore, 05-6 maintains turpgid leaves cven at high soil moisture
stress, and its diffusive resistance to water loss is greater than that
of TR-20. ‘Thesc characteristics of 05-6 are important for upland
conditions.

General Discussions

The data prescuted in previous scetions confirm that there exists
an interaction between moisture repimes and fertility levels. In upland
conditions, the optimum rate of nitrogen aupplication is lower than that
in submerpged conditions. Tor IR-00, there is no real substitute for
submergence or conditions of saturated soil moisture repime. On the
contrary, 05-6 produced more yicld at a moderate level of moisture stress
by additionul application of N. "This indicates a different drought
escape mechanism for 05-6 thuan for [R-00.

The 05-6 varicty has most desirable qualities for upland conditions.
AL the lowest level of nitropgen, the yield of 05-6 did not decrease up Lo
100 em of water suction, while that of [R-70 declined exponentially with
an inercase in soil moisture stress. HBecausce o)’ the better root system
and differences in leafl anatomy, 05-6 has lower leaf water potential and



230

Table 8. Leaf resistance and leaf water potential.

Lea? moisture votential Leaf moisture potential
Leaf resistance at 50% flowering at grain/fidiling
Source o7f
variation Panicle Mid-
initiaticn tillering 0300 1100 1400 0800 1100 1400

Moisture () 5.72 2.89 0.%2 1.62 2.L8 2G.Th¥x | oL G8%%| L3 78%%
Nitrogen (X) 5.33%% 4.58% Q.66%% | 1] ,2L%*% | 1D 17%% | 5 37E% 5.0L% T.Th*x
Variety (V) 0.09 2.68 Q.7L#*x*yp 3,76 i.k2 0.91 0.4h 3.06
MY L gg#% 3.17% L Q1L®®| L, ppo#% 3.96% 2.57 2.1k 2.68
NXV L oLk 2.88 5.46% | 7.,15%¥ 6.24%% | 0.6 0.53 1.39
MXV 3.120% 5.38%% 2.38 1.26 1.h7 1.32 1.56 0.69
MXQIXV 2.37 5.06%% Lboah#x) L 7o%s Lh.goxs 1 1 .20 .15 0.54
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Teble 9.  Leaf water potential of TR-20 and 0S-6 (PSI).
Leafl potential Leaf resistance Total wate.
50% flowering 50% flowering Added/pot ¢m/pot
Treatments
cm Sec™t
IR-20 | 05-6 IR-20 | 08-6 TR-20 | 05-6
100 ppm N 295 ohy h.18 5.45 208 194
> 200 ppm N 267 2hg 3.9h k.89 254 2h2
¥ S
O \
& ¥ 300 ppm N 250 23k .38 h.3h4 329 289
<
(V)
o 00 ppm N 29l 220 3.6) 1.28 329 311
Varietal means 277 237 4,03 h.h 280 259
&S 100 ppm N 257 2o 5.20 | 5,49 196 191
& o
& 65) 200 ppm N 299 210 h.%0 3.77 225 278
S
Q’
S 300 ppm N 280 295 .98 6.h2 219 303
N
500 ppm N 335 262 5.32 6.21 129 250
Varietal means 29k 2h9 5.09 5.6 192 255
o 100 ppm N 307 235 4.0 7.06 138 199
. O
Yy
6§? o 200 ppm N 329 RV 12.6 13.6 127 209
X
& o) ) _
C,° ¥ 300 ppm N 359 217 12.9 6.15 116 143
rzi’) &
7/
) h00 ppm N 15 390 21.0 10.6 50,1 Bl
Varietal means 353 207 15.1 9.08 108 159
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higher diffusive resistance tnan IR-20. The root system of 0S-6 is also
thicker, deeper and more voluminous than IR-20 and these characteristics
enable this variety to withstand moderate drought conditions and produce
economical yields where IR-Z0 cannot.

The placement of N fertilizcers ot 10-cm depth is generally superior
to broadcast application. TIn upland conditions, with molsture stress,
better fertilizer efficiency at high levels of input can only be
obtained by assured water supply through suppl -sentary trrigation or
better soil and water conservation and management systems.
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12. SCREENING RICE VARIETIES FOR DROUGHT TOLERANCE

Some of the melhods of screcning varieties for tolerance to drought
stress have been desceribed by De Dutta et al (1972, 1975). One of the
important criteria is the leaf water potential and the leaf diffusive
resistance of o variecty. ‘fruly, upland varicties maintain o higher leaf
water potential and bicher leaf diffusive recistance when subjected to
moderate soil moisture stress than those varicties better adapted for
submerged culture. There are o lot of phyciolopical and metabolic
processes that are dircetly and indirectly affected by leaf moisture
potential, and thus the latter can have o sipnificant influence on growth,
development and yield of rice. EFven if the soil and environmental condi-
tiong (inciudinm moigture regime and factors affecting it) are identical,
leaf mointure potential of n varicty then depends on its root system
development und the lear! chn~acteristics. The leal characteristics
important to meintuin high moisture potential and high difrfusive resis-
tance are: presence or absence of cuticle, leaf hair, and stomatal
aperture and stomatal behavior.  From the point of view of physiological
response, hoarvest index ean also "e an important criterion for selecting
varicely asainst drousht stress. Koot characteristics decirable for upland
conditions have already been deseribed in Chapter 10.

An experiment was conducted at [ITA in the preenhouse in 197h to
investipgate plant height, pgrowth, diffusive resistance, leaf moisture
potential, pgrain yicld, straw yield, and root development of 20 varieties
grown under similar conditions of drousht stress,

Twenly rice varieties were grown in S5-pallon containers packed with
surface soll of Apomu series at o bulk density of 1.4 gcm"3. Soil moisture
suction of 100 em at 15-cm depth was remaloatcd by he use nf tencinmeters.
A known yuuntity of irrigation water was applied in accordance with
tensiometric measurements. Tensiometric observations were made three
times a day, and irrigaticn water was applicd through a sub-surface
perforated irrigation tube positioned in the center of the container.

A uniform application of nitropgenous fertilizer was made at the rate of
200 ppm, in thre: split dose applications. Details of the procedure have
been described belore.

Rice sceds were planted on [ February, 197h, in containers already
maintained ot 4 soll moisture suction of about 100 cm it 15-cm depth.
Seedlings were thinned Lo four per pot, one week after emcrpence.

Periodic observations were made for plant heipght, leaf moi. ture
potentinl, and loaf diffusive resistance.,  The daily consumptive water
use for cach vuricty was cnrcefully monitored. Yield #nd yield parameters,
and rool, irowth were monitored at harvest.
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Consumptive water use and days to maturity. Table 1 shows the consump-
tive water usc and the number of days to maturity. There are few varie-
ties which uscd less than 100 cem of water in their growth period.  There
are no sipnificant differences among varietics toward the number of days
to maturity. Moot of them required 1°0-140 days from planting to harvest.

Yield and yicld components. Dt chown in Table 2 indieate sipnificant
varictanl differepces in prain yicld, yicld per unit quiantity of water
used, panicle length, grains/panicle, unit prain weight, floral sterility
and finul plant heisht ot harvest.  The data on total prain yield and

the yield per unit. quenbtity of water consumed clearly distinpuish some
varieties from the others. Here, varictics K and 0 arce superior to any
other varicty toested.  Hipgher yicld/em of water used in these two
varictics alco corrcsponds with other favorable characteristics such

as high nunber of crains/punicle, hih unit grain veirht, low floral
sterility, and Low- to-pedium plant helpht (Table 2).

Tt is interesting to oboerve that pgrain yicld was sipgnificantly
related to Lhe murber of prains/oanicle, unit prain weight, and floral
sterility (nepative) as shown by the data presented in Table 3.

Dry matter production al. different srowth stages. The data shown in
Table b indicate cignificant differences in the straw weipht produced

at differeant prowth stages in various varicties.  both wet and dry straw
weights of varictics K oand Hoare lower than the other varieties tested.
Though the dry strow weleht ab harvest is lower, the dry weiprht at other
stapges iz not.  Thic implices that these two varietics ¥ and N are more
efficient than the others in trunsplanting dry matter into pgrains.  The
harvest index of varieties K, N, P and © ic superior to otherg and is
above 1.5,

Leaf water potential and leaf diffusive resistance: The data on leaf
water potential measurced at 50% flowering, grain filling, and maturity
stapges of prowth are shown in Table 2 The leaf water potential of
varietics ¥, il und O has been hipgh (Less nngutivc) repardless of high
s0il moisture suctinn.  Oimilar data for leaf diffusive resistance are
shown in Table 6.  buring high evaporative demand (1h00 hour), the

leaf diffusive resistance of both varietics K and I is penerally preater
thun other varicties. This wags particularly true during the flowering
stiyre of erop development.
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Total consumptive water use (cm/growing season)

and days

Variety Accession number | Consumptive water use (cm) Days to maturity

code

A Tox T-3-8-2-1 93.7 131
B Tox T-3-15-T7-2 9L.1 138
C Tox T-l-p-5-2 85.3 138
D Tox {-3-3-h-1, 91.9 138
E Tox 1-3-5-8-By 115.2 138
F Tox [-3=15-3-11 97.k 119
G Tox 7-3-h-10-11 91.2 138
H Tox T-h-2-1-1, 126.1 138
T TO% T-3-5-By-B; 108.1 131
J Tox 7-3-15-6-B4 85.3 138
K Tox 1-3-18-6-B 97.0 138
L Tox 7-3-11-8-B 105.3 138
M Tox T-2-h-3-B 103.5 138
N Tox 7-3-16-6-B, 99.1 131
0 Tox 7-3-11-G-1, 97. L 138
P Tox T-4-2-0-11, 97.1 138
Q Tox (=3=10-3-1s, 101.8 131
R B R 121.4 116
5 Tox -3-11-3-1, 9l .k 131
T Tox Y_Q_h_g_up 109.3 119
U 05-6 113.7 138
v IR-20 133.1 138
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Grain yield and yicld components,

Grain yicld | Grain yicld| Panicle | Grain/ | Unit prain| Sterile
Varicty i/ pot. per ocm oof Lenyrth panicle | weipht rrains/
walor /o en /100 panicle
A 30,1 0.0 19,0 100 1,00 62
B 557 0.59 DoLh 100 1.38 »9
C 301 0.h3 R 1 1.91 h1
D 20,6 0.20 20,2 oy 1.04 50
E 2fh Al 3.0 110 1.0h 33
F Ly e, 0.0 25 Ha Lon 39
G ho.o, 0.0 o O Lohh 38
H Hoo 0.65 5.0 114 .13 22
1 6.5 0.3h NS 100 1.h7 Wk
J 2.1 0.1% 27329 119 1.22 56
K 85.4 0.38 P0.0 m 2.03 18
DYl 0.573 AN 139 L.73 2l
M Ol o 0.52 20.( 110 1.55 ho
90. 0.91 Ly 129 2.20 T
0 20.6 G0l 19.0 87 1.h2 W1
P o1.a 0.60 @5.0 85 1.40 4o
Q 50 0.56 AN 105 1.82 22
R TS 0.6l 2703 143 .11 18
S 70,5 0.1% 20,0 110 1.93 18
T ! 0.59 P0G Lo 1.67 32
U TH. 5 0.60 270 91 L.53 38
v L] 0.17 AT 107 1.37 2k
Meun 51.5 - SN 104, 3 1.7 3.5
5D AN - 3 1. 0.30 13.6
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Table 3. Regression equations of grain yield with other parameters.

Dependent variable| Independent variable r Repression equation
Grain yield Panicle leneth 0.07 Y = 35.0+ 0.7x
Grain yiecld Grains/panicle 0.53% Y = -20.8 + 0.71x
Grain yield Unit grain weipght 0.67¥% | ¥ = -57.8 + li3.,9x%
Grain yicld Sterile prain (no) ~-0.53# Y = 53.1 - 0.97x

Grain yi«ld
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Table 4.  Dry matter production* at different growth stages {g/plant).

35 DAP 55 DAP 70 DAP 90 DAP Harvest (g/pot)
Variety oL Iy ot Dry Wit Dry Wet Dry Wet, | Dry
A 0.70 | 0.16 bl 0.00 | 16,000 .84 156,68 8.91 145 h9
Is 0.85 | 0.1 oo om0 | aGahol a8y ko | 10010 21h 56
c 0.57 | 0.1% Wl 0096 gohol .08 | chusy (.40 AR 68
D 0.62 | 0,14 2051 0,63 PR T TR WA LY (.70 01D 57
0 1.54 | 0,34 RRN A B B2 0.56]  h.05 [holhy G.91 5 6l
F LT | 0. 3] (.(1 113 ) TR T RPN IRy 10,8 L80 60
G 0.7 | 0.1 cUrS T 0.07 [T B TP G AT 5.89 20y 55
1 Ll b0 6 prsaan] o0 | gr.onl 8 Jreaho | 1800 310 93
I 0.68 | 0.r0 (7AW U ISR G N B R V0 T T B N i 305 78
J 0.99 | 0.16 b0l oo 9581 euge 3.t (.30 189 Sk
K 1.3 | 6,91 900 19 | poul hors (60019 | 19,99 158 Ly
L 0.87 | 0.1 LA N WY G T WU 06 I Y (O N B TR TR N I W 203 52
M 0.7 | 0.1h 3.100 0.07 1.0 3.00 {hs . 9.63 216 50
N L7161 0.30 s.en | sohs | roucol 6.00 0 1160 | oo 166 W7
0 1.83 oo fav o1l 3038 | oouost vaee hgu3y | ap.ee 20 59
P LA9 L oosh frocn | e | osaag] s.60 0 {sh.se | o1s.60 179 25
Q .10 1 0.2 oo o006 L orass] So100 [51.68 | 14000 210 56
R 19k foost hoooo] 2o | oseusol ro0 |B.ey | 2000 20P 57
5 0.96 | 0.7l 9080 1.8 [ el howG {hg.so 11080 176 W5
r Lhs Lo 70 2V N WL I S 4 AR T S QR I S T I R 190 g
u L.09 ooy | oauan | 3k a6l on {voleo |1 B 398 1 118
v 0.51 1 0.93 | 2.y | 0.69 | v.oou) B 26y |oGuek|l L | o1

* Mean of Three replications.
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Table 5. Leaf water potential (Bar) and corresponding soil moisture suction (cm)

50% Mowering st firain ["illing stape Maturity

Variety 1100 hour | 1500 hour | 1100 hour 1400 howr| 1100 hour{ 1400 hour
I, Sy L, T L, “w Lw 5 Lw Sl by Sy

A L0520 75 | 2O 10 L LG | 27851 35 119,520 1y | 190180 25| 10085 | 00
B L0501 00 (108t 1o 17.16) 50 19.85] 100] 17.16] sol| »1.00 | 75
C 20.19 1 50| 20.8G1 100 | 18000 60| 21.20] 1100 19.851 55 »0.86 | 100
D L8370 100 | 19000 [ 150 ] 17.830 20 19.52] 100] 17.50] 20! 19.85 | Lo
I L9080 1y [ 19.859 ] 130 [ 17.83 ho | 19.85] 5ol 18.51| 1200 19.85 | 100
F L8501 o {10008 170 | 8.7 110 ] 19.85] o 190181 50| 21.53 | 140
G 19,181 100 | 20,9 120 | 16.h9| 100 | 20.19] 160| 15 B4 95| »1.53 | 120
H 19.52 1 1ho | 20.19 1 170 [ 17.83| 85| 19.52| 120| 17.50] 85} 19.85 | 120
I L0511 iy | 20 86 100 [ 16,820 20| fouse | osol 17.16] o5 18.17 1120
J 8090 130 | 20052 L 160 | 17.83] 110 [ 20,19 220] 18.84] 85| 19.52 | 220
K 18,890 250 f oo 180 16 0| 20019 1ol 16.h9] 50| 17.16 | 130
L 1G9.35 1 60| co.so | 200 | 20.19] 20 23.80( 25| 20.19( 60| 21.53 | 180
M 7.6 1 160 [ oes3 | Ws | 17.500 6o | 21.87 100{ 16.15] 25 18.84 | 50
N 19.57 1 300 { 20,19 110 | 17.50] 80 [ 18.17] 160] 17.50| 100| 19.18 | 1ho
0 19520 50120101100 | 17160 50 | 18,80 100] 17.63] 20l 18.84 | 25
P .S ho | vo.86 ] 180 | 1.0 0| 20019 1] 1807 60| 19.85 | 100
Q 19000 1ho | 2187 o fac.ee ] o] 200861 130) 16.82] 100) 15,85 | 160
R Lot s rocto b aeo b skl 50 L 230891 100] 10,150 85 20052 | 100
5 1952 110 L 2oy o] 150300 (0 2oL L) 1ol 16,15 100 17.50 | 120
P PO 00 | Pounn L Tho Lo Bs ] w0 | e1Leo] 1601 1908 120 20019 | 50
U 20,19 [ 100 | 2060 200 | 1716 60| 200900 cro) 18007 1320] 19,85 | 330
v 2L 100 | 2rui | 7s ] 1085 grl DLLBTL 50 19018 6o 20.52 | hoo

LY refers to the leal water potentinl in bars
SY refers to soil water sucetion in em at 19 cm depth.
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Tuble 6. Leaf diffusive resistance (Sec cm—l) and corresponding soil water suction (cm)

50% TFlowering stage Grain f'illin:~ stape Maturity
Variety 0900 1100 1400 0900 1100 1400 0900 1100 1400

Ly Sy | Ly Sy | Ly | S | by Sel Ly Syl Ly Sy Ly | Sy Ly |5y Ly | Sy
A 3300 35 1.8 | so ] 3.on| L) b3t - L b3t os) 3.33 ] os L 6oon - 16,85 500 | 6.991 20
B L3 0 2067 | TS 3| 100 bLob| -t he2 | sol2m1) w0 | T.95) - | 8.h8 120 1 5,73 120
¢ L.50) 100 ) 3.07 | S0 | 3.791 »5) 3.13] - | 5.95 | Ws| w.80( s | G612 - | 8.00f w0 | 7.81] 70
D 2.5 2011.68 7 30 °.85 bol 3.01] - | bLoo| 20f 3.20] 20 | 9.07 - | 5.981 450 | 6.89) 0
B 2.381 7511.80 70 3.50] 200] 3.48] - | W.h8| 25] 2561 25 | 5.83] - | W77 | 120 | 5.09( 130
F 2,60 75 |1.75| 90| 3.30| 100{ 3.77| - | 3.57| 75| 3.51| 75 | 5.51] - {6.56} 6O | 6.06| 1h0
G 2.1 75 2.67 | o0 | o.re) 180 2.62) - | 3.51{ 80| 2.87( 80 | 4.98| - [6.50]150 | 6.05] 130
1t 2,501 B0 1.73(100 | .32f 170) 3.92) - | 3.32| 80 3.41] 110 | h.75| - |5.13]1%0 | 7.06| 100
I 2.951105 | 1.77 {100 | 2.85] 1ho} 3.1h| - | b.2n| 25 2.83) 25 | h.63] - | 6.43 ] 100 | 6.52| 160
J 3.18 | 7511.68 | 75 2.40) 1ho| 3.77 - | W.he) 751 2,930 75 | 5.17| - | 5.69 (100 | 5.23| 1kO
K 2.22] 100 | 1.93 | 1k0 | 3.54| 50| 2.57 - | 3.85| 25| 2.90| 25 | 6.61| - [O.9k | 480 | 5.10| 30
L 2.60| 75 |2.07 | 110 | 3.2k 10| 3.92] - | 3.97| 20| 3.65| 20 | h.05| - |S.72|120 | 5.39] 100
M 2431 s02.30| 75 )2.76] 120] 3.h2] - | 5.15| 25 2.41] 30 { 5.52| - | 6G.0h| 120 | 5.0} 130
N 225 95 |1.76 | 110 | 2.46{ 1ho| 3.22( - | h.ah | 100] 2.5 [ 100 | 4.89| - {5.06] 100 | 6.h5 | 1hO
0 3.65| 55 (1.5 | Gof 3.95] 120] 5.22] - | W.3h| 25( 3.83] 30 |10.66{ - | 9.20] 320 | 6.58 0
P 2.95( 180 | ».05| 25| 3.01f 50| 3.15( - [ 5.00| 75 3.20| 100 | 3.83[ - | 5.90| 80 | T.57| 1bo
Q 3.131 50 1.5 | 7o 3.79) 1o0of 3.71] - | W.31| s0( 3.38{ 50 | 5.23| - [10.10( 60 [11.55} 120
R o] rsfe.tu] v 3.39| 100 3.75] - | 3.92) 50 3.48) 50 | 5.86) - [ 8.35] 110 | 6.3 12
3 2.11| Bo|1.76| 90| 2.57| 130} 3.10| - | k.11) s0| 2.62]| 50 | 3.49) - [ h.92| 6O [ 6.99] 100
L 2.90f 60 |1.68] 15| 3.70| 10| 4.36] - | 3.78| 25{ 3.3%| 30 | 5.20| - { 7.78| 180 | L.85} 20
U 20330 210 [ 2.05 | 50 [ 2053 sof 3.87) - | W53 sof 3.63| s0 | W.38f - [ W.T9| 50| 6.6k 100
v 2.60| 25{1.75| 30|2.80] 70| 2.89] - | h.5h|130] 2.50( 25 | 2.28[ - | W.h3] 25 ] 5.6hf ks
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Conclusions

Some of the desirable characteristics of rice varieties for upland
conditions arc:

(i) Low consumpti--e wuter use
(ii) Low leaf water potential

(iii)  High lear diffusive resistance, and elastic stomatal behavior

(iv) High prain yicld/em of water use
(v) Hich unit srain weisht
(vi) Low floral sterility

(vii) High pereentape of grains/panicle
(viii) High harvest index
(iv) Low total leafl area
(x) Better root development.
In addition, the technique of screening rice varieties for drought

Lolerance described in here can be successfully used for selecting
varieties for their droupht susceptibility.
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In addition to rice production during the normal season, valley
bottom soils have adequate water supply in the dry season to enable
production of such upland Crops 45 soybean, maize and perhaps vepetables.
Some of the crop rotations and croppling sequences for valley bottom soils
have been investigated in detail by Moormann gi_gl_(lQTS). These
experimentul techniques and results need to be verified under other
ecological conditions.

The majority of ricc production in West Africa at present is under
upland conditions (IRRI, 1975). fThe problems of water management under
upland conditions arc more severe and complicated than those related to
the development of valley bottom soils. There are various interacting
factors under upland conditions, including the rainfall amount and its
distribution, soil characteristics and the varieting. Nothing much can
be done about the precipitation, crzcent that upland rice should be prown
in arcus where the annual precipitation excceds evapo~trancpiration at
least for (-9 months of the Juear, wnd there is o rood probability that
the number of rainless days during the eritical phases of rice develop-
ment will not be morce thun Y to 7.

The so0il rfactors arc important. In addition to the fertility
status of the so0il, sclection of suitable soil types must be based on
range of soil physical churucteristics. Thege should include texture,
moisture rctention characteristics, slope, depth of the rooting zone,
and the compaction charucteristics of Lhe soll. Doils of high-moisture
retention capacity, i.e. the available range of water, should be
preferred. The rv ting depth of at least 30 em is most, desi-_ble. The
$5011s should not be located on the Steeper zones of u Loposequence.

The selection of suitable varictics is the most important factor
in this chain reaction of improving rice production. The selection
method used for prowing rice varicties under ficld conditions nre not
adequate. The varizbility in tropical s5o0lls, even over short distances
is too much, und it causes o considerable depree of error in the
experimental results.  This is true even under dry conditions when a
known quantity of irripavion witer can be applied in the field. The use
of "hydromorphic toposequence:” 1 a better technique only if there can
be adequate assessment of goil moisture conditions at different locations
aleng the seepape zone.  The scepage zone loes fluctuate from season to
feason and can create an udditionul variable.

Tae sclection technique deseribed in Chapter 12 of this monograph
is adequate, vrovided enre is cxercised in monitoring soil moisture
regime precisely and in relating crop yield to leaf water potential and
leaf diffusive resistance. This technique could be improved 1o
incorporate an automatic irripgation system, similar Lo bhe one deserived
by IRRT (197Y%). There are considerable problems associated with
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auto-irrigation system in a pot, particularly if the soil moisture
stress to be imposed in a sandy soil exceeds 100 cm of water suction.
The hydraulic conductivity of soil at higher suction becomes a limiting
factor in equitable water distribution in the entire soil mass. More-
over, the roots have a tendency to be concentrated around the ceramic
cup, the source of water supply. Koots and the plant are therefore not
experiencingr the cxpected stress.

Larpe containers buried in the soil under field conditions with a
plastic roof to prevent rainfall have also been used successfully at
TITA (Platc 1). This technique is « pood compromisze between the field
and the greenhouse conditions.  The soil mass is larpger than most of
the pot sizes usuully adophled for precnhouse work. The waler table
depth can be maintained ab o desired level throurhout the growing
period, or for wany duration af o piven stare of crop rrowth. The
evapo-transpiration can be precisely calculated by calibrating the
mariotte bottle used and by keeping the rccords of daily consumptive
water use,  Oifferent soll types cun also be used for testing the per-
formance of various varictics for soils of different moisture charac-—
teristics, nulricnt supply or rooting depth (Mourys and Lal, 1977).

A Lechnique which ecan incorporite o series of conctant soil
moisture repgimes in o laro: body of scil, and ean maintain the desired
moisture regime nutomatically throushout the prowth period, ic perhaps
i betber system Lhan any of those docceribed here or in the IRRI manual.
A schematic nkebeh of this system is shown in i 1. To avoid
heteropencity problems, o uniform coil can be packed in a dur-out pit
O Sem disuncetor anud S0 on decp. A LS—cm wide Lrench filled with coarse
sand cun be used ason source of water supply. Change in the depth of
water table in Lhis trench will create differential moisture regimes
at various points along the rudind axis.  This technique 1o penerally
used by soil physicicts in culeulating in-gitu unsaturated hydraulic
conductivity of & s5oil monolith., [ & uriform soil profile can be
urtificlially crected, o serics of Senciometers or neutron probe access
tubes installed at various desths along redial dictance will nelp
determine Lhe moisture: potention prolile at 4ifforent distences from
the free water source. Crop varictios planted along radial asds or
along concentric axis in the cirele con be prown at o sceries of constant
soil molsture repimes. 10 the soil molsture characterictics can be
precisely monitored, flux measurcments can also be made to provide an
estimate of cvapo-transpiration ot various moisture repgimes.  One can
provide o pood control on s5oil moisture regime even next to the water
supply by requdating the depth of witcr in the irripation canal.

A solubion Lo the problem of wabcr manngement in rice demands a
collaborative cffort of soil physicicts, plant physiolopists, apronomists
and plant breeders.



251

LN R
RTINS T

Plate.l. Plastic greenhouse installed over the
field lysimetric set up.
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Free water surtace

wall made of porous biocks

Filled in unitorm soil
mass

> Tensiometers

> Neutron Probe
Access tube

Fig.l. Maintenance of soil moisture regime for svieening

rice varieties for drought stress.
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Chemical analyses of soil sampled from different lysimeters

established at IITA, Ibadan.
Lysimeter | pH 1:1 Hyy | E.C. Millimhos/cm | K (ppm) | Ca (ppm) | Na (ppm)
1:2 Hog
1 6.5 0.11 78 1042 97
2 7.1 0.10 Th Lop 65
3 6.9 0.10 69 437 66
Y 6.6 0.11 52 260 63
5 6.6 0.1k 9. 590 88
6 T.1 0.32 259 606 108
T 6.6 0.12 127 ThO 78
8 7.0 0.13 124 545 68
9 6.7 0.11 70 480 18
10 6.7 0.13 152 152 18
11 6.7 0.14 130 130 90
12 7.0 0.10 5T 5T 68
13 7.0 0.11 59 59 68
1h 7.0 0.12 93 93 T3
15 6.7 0.12 92 92 81
16 6.6 0.12 98 98 85
17 T.1 0.1h 109 109 8k
18 T.1 0.12 o 9l T5




Table 1b.

Organic carbon and textural analysis of soil from
different lysimeters in rice, established at IITA, Ibadan.
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Mechanical analyces
Lysimeter Orpanic
carbon (t.) Sand Silt Clay

1 0.66 32.0 27.6M L0.16
2 0.36 75.2 8.6l 16.16
3 0.60 70.2 11.6k 8.16
b 0.2k 75. 4 12.L4 12.16
5 0.64 6li. ok 17.16 18.80
6 0.50 66.04L 16.80 17.16
T 0.98 59.0M 18.80 22.16
0.58 60.0h 23.16 16.30

9 0.54 6h. L 17.44 18.16
10 0.58 63.68 16.72 19.60
11 0.68 63.68 16.72 19.60
12 0.20 67.68 13.00 19.32
13 0.18 66.68 1h.72 18.60
14 0.h0 68.96 15.08 15.96
15 0.62 68.96 15.08 15.96
16 0.56 66.96 15.hk 17.60
17 0.12 62.96 16. 0k 20.60
18 0.hh 68.96 1h. b 16.60
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Appendix 1. Chemical properties of the surface soil.
Sample pH Conductivity K catt Na+ Organic
Rep. 1:1 Hpy | millimho/cm (ppm) | (ppm) | (ppm) | carbon %
1:1 Hop

1 6.3 0.26 105 680 L8 1.36

2 6.3 0.28 10k 650 L6 1.32

3 6.3 0.26 105 690 50 1.36

L 6.3 0.26 107 690 50 1.32

5 6.3 0.26 108 670 L8 1.38

6 6.3 0.27 112 664 L8 1.3k
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APPENDIX 2

EXPERIMENTAL METHODS

Evapo-transpiration was monitored using field lysimeters installed
within a large paddy field. The heipht of water in the lysimeter wag
kept constunt by using o mariotte bottle technique involving a 220-liter
water tank and a valve to repulate the water supply (Fig. 1). The
amount of water (mm) required to maintain a constant water level in 2h
hours was recorded as cvapo-transpiration.



259

APPENDIX 3

METHODOLOGY

Effects of submerpence treatment imposed at different growth stages:

(Field studies):

These experiments were conducted during May - September, 1971 using
open bottom lysimeters installed in a large rice paddy field. 'These
lysimeters were 3 m in diameter and 50 cem deep. Lysimeters were
installed by dirpring narrow circuluer trenches around a 3-m diameter
undisturbed soil monolith. Three of the 18 lysimeter rings were buffered
against seepage from outside by a plastic lining up to one meter depth.

The moisture repsime under submerpged condition was maintained to a
depth of T em of water. A 56111 well was installed on one side of the
rings to monitor the depth of water in the ring using o Hook Guaupe and
Vernier scale.  The difference in wabter heipght on two subsequent duys
was considered as consumptive water use.  The height of the water in the
rings was never allowed to £l below b5 em.

For this experiment the following treatments of soil moisture regime
were imposed:-

(1) Saturated soil, no submergence

(ii) Submerpgence from 20 days after planting (DAS)
(iii) Submergence {rom 35 DAS

(iv) Submergence from 55 DAS

(v) Cyclic submerpence of one week with drainage in the
following weck

(vi) Rainfed.

All treatments were replicated thrice and imposed according to a
completely randomized desisn. Pre-soaked seeds of TR-20 were broadceast
in shallow water both inside the lysimeters and the larpe paddy ficeld
simultaneously on May, 1971, iice was harvested on 23 Seplember, 1971.

The chemical and physical annldysces of the soil from each of the
lysimeter were done before initiatine the experiment, and is shown in
Appendices la and 1b.  The soil texture ranpes from sandy clay loam to
loamy sand, except soil Trom lysimeter 1, which has a high clay content.
The pH is neutral and salt content is nol high.
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Sandy couarse textured soil caused high leaching losses of nutrient
elements. Consequently the fertilizer application for Il were made at
frequent, intervals. The fertilizer schedule and the amount of
fertilizer added was as follows:

Date Amount of Ammoniwn sulphate nitrate
added per lysimeter (p)
26-5-1971 hl ¢
10-6~1971. IS
25-6-1071 100 ¢
5-7-1971 bl g
T-7-1971 b1 g to lysimeter 12 only
h-7-1911 b1 g,

Simultancous applications of nitrogenous fertilizer were also made
in the entirve ficld at the some rate as that of the lysimeters. The
total amount of nitrogen applied per lysimeter for one crop was
equivalent to 120 ke 1/ he,

Periodic oboervations were made for soil moisture potential, plant
height, tiller count, dry matter production and nutrient uptake by
tissuc analysis.  Yield and yield components were agsscosed at maturity.
Leaf areu was determined vy dircet measurement using a2 chape factor of

0.77.
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Appendix 3. Evaporation from free water sufface in the greenhouse.
I
Date Evaporation| Date Evaporation| Date Evaporation
(mm) (mm) (mm )
25.7.1971 3.12
28.7.1971 1.0k 16.8.1971 0.52 9.9.1971 2.08
29.7.1971 1.0k 20.8.1971 3.12 10.9.1971 3.12
30.7.1971 1.0k 21.8.1971 5.20 11.9.1971 T
1.8.1971 1.0k 22.8.1971 3.12 12.9.1971 4.16
2.8.1971 1.0k 23.8.1971 3.12 13.9.1971 3.12
3.8.1971 1.56 24.8.1971 2.10 14.9.1971 2.60
1.8.1971 2.10 25.8.1971 1.0k 15.9.1971 3.6k
5.8.1971 1.56 26.8.1971 0.52 16.9.1971 T
£.8.1971 0.52 27.8.1971 .16 17.9.1971 T
7.8.1971 T 28.8.1971 T 18.9.1971 1.0k
8.8.1971 2.10 29.8.1971 2.08 19.9.1971 .16
9.8.1971 0.52 30.8.1971 h.16 20.9.1971 h.16
10.8.1971 T 31.8.1971 2.08 21.9.1971 3.6k
11.8.1971 T 1.9.1971 1.0k 22.9.1971 2.08
12.8.1971 T 2.9.1971 1.30 23.9.1971 1.0k
13.8.1971 T 3.9.1971 2.60 24.9.1971 2.08
14.8.1971 T h.9.1971 P 25.9.1971 T
15.8.1971 2.60 5.9.1071 3.12 26.9.1971 2.08
16.8.1971 1.04 6.9.1971 2.3l 27.9.1971 h.16
17.8.1971 1.56 7.9.1971 0.52 28.9.1971 2.08
18.8.1971 2.10 8.9.1971 1.56
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Weekly mean relative humidity (%) and temperature (C°)
in the greenhouse.

Relative humidity () Alr temperature (C

Month Time

1= B=15 1 LO=03 | oh=30 | -7 =15 1 16-20( 2h=30
May 0500 - - Bs.2l 9.l - - PLLHE 208
May 15090 -~ - thorl 6oLy - - 25.91 79,3
June 0800 [ 78.0 | 99.3| 97.3| ui.o | eceaalors| 21.6] 21.8
June 1500 | h.0 .51 T0.8 1 701 | 2G.8] 26,41 »u.0l 26.6
July 0800 | 9B.7 | 96.7| 93.0 98.01 cous el | o 21.e | enl8
July 1500 | 73.6 1 80.9] 79.0 de.ol 2190 0507 b9 25,8
Aupust 0800 [100.0 |100.0| 95.0 £9.9] 21.7 | 21,6 217! 19.1
Aupust, 1500 | 89.9 | 90.51 T1.6 T95.5] 2b.9 =5.1 1 25.0| 24.6
September | 0600
September | 1500
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Appendix 5. Influence of soil moisture regime on live shoot weight
at harvest.

Soil moisture regime Variety Live shoot weight (g/pot)
Zero suction 05-6 316.5 a
Submergence 20 DAS 08-6 313.3 a
Submergence 55 DAS 0S-6 27h.2 a b
Submergence 35 DAS 05-6 214.6 a b ¢
Submergence 35 DAS IR~20 192.1 b ¢ d
Zero suction TR-20 166.3 c d e
Submergence 20 DAS » IR-20 155. b cde f
500-cm suction 05-6 150.7T cd e f
250-cm suction - 08-6 | 149.8 c d e T
750-cm suction 03-6 120 cd e F
250-cm suction IR-20 120.3 cde f
Submergence 55 DAS TIR-20 116.0 c d e f
Irrigation at leaf rolling 0S-6 9.5 d e f
500~-cm suction TR-20 1.2 e T
750-cm suction 1R-20 65.2 e T
Irrigation at leaf rolling IR-20 50.5 f
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Appendix 6. Influence of soil moisture regime on dead shoot weight

(g/pot).

Soil moisture regime Variety Dead shoot weight at harvest
(g/pot)

500-cm suction 0S-6 67.6 a

Submerge..ce 35 DAS IR-20 66.6 a b

750-cm suction 03-6 59.3 ab c

Zero suction IR-20 56.7 abc

Submergence 35 DAS 0s-6 5.0 a b ¢

Submergence 55 DAS 0S-6 53.2 abec

Submergence 20 DAS IR-20 b5.6 a b ¢

Zerc suction 0S-6 39.T ab e

Irrigation at lead rolling 0S-6 33.3abec

T750-cm suction IR-20 30.b ab e

Submergence 20 DAS 0s-6 30.3 abec

Irrigation at leaf rolling IR-20 20.8 ab c

Submergence 55 DAS IR-20 19.7T a b ¢

250-cm suction 0s-6 15.8 b ¢

250-cm suction IR-20 13.7 ¢

500-cm suction IR-20 10.k4 ¢
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Appendix T. Influence of soil moisture regime on final plant height.

Soil moisture regime Variety Final plant height (cm)
Submergence 55 DAS 05-6 208.0 a
Submergence 20 DAS _ 0S- 204.7 a b
Zero suction 05-6 202.0 a b ¢
Submergence 35 DAS 08-6 170.0 abc d
Submergence 35 DAS TR-20 W2.0bcde
500-cm suvction 05-6 139.0bc d e
250-cm suction 05-6 136.3 c d e
750-¢m suction 05-6 135.3 ¢ d @
Irrigation at leaf rolling 56 117.7T d e f
Submerpgence 20 DAS IR-20 . 11k, 7T de f
250-cm suction I7-20 113.3 d e f
Submergence 55 DAS TR-20 106.0d e f
Zero suction IR-20 105.0d e T
500-cm suction IR-20 .3 ef
750-cm suction [R=20 65.0 T
Irrigation at leaf rolling IR=20 61.3 f
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Appendix 8.  Root weight (g/plant) of IR-20 and 0S-6 as affected
by soil moisture regime.

Soil moisture repgime Variety Root weipght g/plant
Submergence 20 DAS 0s-6 5.7 a
Irrigation at leaf curling 0S-6 41.7 a b
Submerpevce 35 DAS 0s-6 39.0 a b
Zero suction 05-6 29.7 a b ec
Submergence 35 DAS IR-20 28.7T a b e
Submerpgence 55 DAS 0S-6 28.3 a b ¢
T50-cm suction 05-6 27T.7T a b ¢
Submergence 20 DAS IR-20 25.T a b e
Zero suction TR-20 2h.3a b c
Irrigation at leuf rolling 1R-20 23.0a b e
Submergence 55 DAS IR-20 22.0 be
T50-cm suction IR-20 20.7T b e
500-cm suction 03-6 1h.3 ¢
250-cm suction 05-6 11.7 ¢
250-cm suction TR-20 8.7 ¢
500-cm suction IR-20 7.7 ¢
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Appendix 9. Roct. perimeter of IR-20 and 0S-6 as affected by soil
moisture regime.

Soil moisture repsime Varicty Root. parimeter (cm)
250-cm suction 05-6 36.7 a
Submerigenee 20 DAS 53-6 36.7 a

Zero suction 5-6 35.T ab
Submergence 55 DAS 00-6 31.3abe
Submergence 35 DAD 05-6 30.abed
250~cm cuction TR-20 26.5 b c d
Submerpence 20 DAS TR-20 3.3 bcd
Submerpence 35 DAD TR-20 28.3 b c a
Zero suction , IR-20 27.0 ¢ d
500-cm suction IR-20 26.3 ¢ d
750-cm suction S- 26.0 ¢ d
500-cm suction 05-6 26.0 c a
Submergence 55 DAS IR-20 2h.0 c a
Irripaticn at leaf rolling O 22.3 d e
T50-cm suction ITR-20 15.3 e
Irrigation at leaf rolling TR-20 15.0 e
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Appendix 10.  Influence of soil moisture regime on root axis (cm).

Soil moisture regime Variety Root axis (cm)
Zero suction 05-6 12.0 a
Submergence 20 DAS 05-6 12.0 a
250-cm suction 05-6 11.7Ta b
Submergence 55 DAS 0536 10.T a b ¢
750-cm Suction 05-6 10.0 a b ¢
Submergence 35 DAS 056 10.0 a b ¢
500-cm suction 08-6 9.7abc
Submergence 35 DAS IR-20 9.7Tabec
Submergence 20 DAS IR-220 9.0b e
250-cm suction IR-20 8.9 bec
500-cm suction TR-20 8.7 ¢
Zero suction TR-20 8.7 ¢
Irrigation at leaf rolling 0S--6 8.3 ¢
Submerpgenze 55 DAS TR-20 8.0 ¢ d
750-cm suction TR-20 5.Tde
Irrigation at leaf rolling IR-20 5.3 e
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Appendix 11. Influence of soil moisture regime and variety on
mean root length (cm).

Soil moisture regime Variety Mean root length (cm)
Submergence 20 DAS 05-6 Lh.3 a
Submergence 55 DAS 05-6 39.7 a b
T750-c¢m suction 05-6 36.0 abc
500-cm suction 0S-6 36.0 a b c
Zero suction 05-6 36.0a b c
Irrigation at leaf rolling 0S-6 36.0 a b ¢
Submergence 35 DAS 5-6 35.0abc
Zero suction 1R-20 3.0 abe
Submergence 20 DAS IR-20 35.0abe
Submerpgence 35 DAS [R-20 3.7 ab e
250-cm suction 05-6 3.3 b e
Submergence 5% DAS IR-20 30.7T b c
500~cm suction IR-20 29.3 ¢
250-cm suction TR-20 29.0 ¢
T50~cm suction TR-20 26.3 ¢
Irrigation at leaf rolling 05-6 17.7 d
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Appendix 12. Influence of soil moisture regime on the number of
days to maturity in IR-20 and 0S-6.

Soil moisture regime Variety Number of days to maturity
Irrigation at leaf rolling 05-6 160 a
Irrigation at leaf rolling IR-20 160 a
T50-cm suction IR-20 155 a
750-cm suction 5-6 150 a b
500-cm suction 03-6 145 a b ¢
500-cm suction IR-20 130 ¢
250~cm suction 0S-6 130 ¢
250-cm suction IR-20 130 ¢
Zero suction 0S-6 130 ¢
Zero suction IR-20 130 ¢
Submerpence 20 DAS 05-6 130 ¢
Submergence 20 DAS IR-20 130 ¢
Submergence 35 DAS 0s-6 130 ¢
Submerpence 35 DAS IR-20 130 ¢
Submerpgence 55 DAS 0S-6 130 ¢
Submergence 55 DAS IR-20 130 ¢
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Appendix 13. Influence of soil moisture regime and variéty on
straw yield (g/not).

Moisture regime Variety Straw yield (g/pot)
Zero suction 05-6 356 a
Submergence 20 DAS 05-6 33 a b
Submerpgence 55 DAS 5-6 32T a b
Submerpence 3% DAS 05-6 268 a b ¢
Submergence 35 DAD TR-20 258 a b c
Zero suction IR-20 223 a b c d
500~-cm suction 05-6 218 abc d e
Submergence 20 DAS 1R-20 20l bc d e
T50-cm suction 05-6 179 ¢ d e
250-cm suction 056 165 ¢ d e
Submerpence 59 DAD IR-20 135 c d e
250-cm suction IR=-20 134 c de
Irrigation at leaf rolling 0S-6 128 c d e
T50-cm suction [R-20 95 d e
500-cm suction TR-20 8l de
Trripation 1t leaf rolling I3-20 T1 e
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Appendix 1h. Influence of soil moisture regime on floral sterility
(%) of IR-20 and 0S-6.

Soil moisture repime Variety iloral sterility (%)
Irrigation at leaf rolling 0s-6 56 a
Irrigation at leaf rolling IR-20 40 a b
T50-cm suction IR-20 39 a b
500-c¢m suction TR-20 18 bec
500-cm suction 05-6 12 ¢
Submergence 3% DAS TR-2 11 ¢
750-cm suction 05-6 9 ¢
Submergence 55 DAS IR-20 8 ¢
Submerpence 35 DAS 05-6 8 ¢
250-cm suction 05-6 8 c
Zero suction 0s-6 ' 8 ¢
Zero suction IR-20 Tec
250-cm suction IR-20 Tec
Submergence 20 DAS IR-20 6 c
Submergence 55 DAS 0s-6 6 c
Submergence 20 DAS 0s-6 6 c
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Appendix 15. Influence of soil moisture regime on number of
grains/panicle.

Soil moisture repgime Variety Number of grains/panicle
Submergence 35 DAS 05-6 173 a
Submergence 20 DAS 08-6 15T a b

Zero suction TR-20 143 a b e
Submerpgence 20 DAS TR~-20 142 abe
Submergence 55 DAS 5-6 140 a b e

Zero suction 056 133 abed
Submergence 55 DAS IR-20 12T abe de
Submerpence 35 DAS IR-20 11T abecdelf
250~cm suction 08-6 102 bcdef
250-cm suction IR-20 100 bcdef
Irrigation at leaf rolling 05-6 B2 cdef
500-cm suction 05-6 TMedef
Irrigation at lecaf rolling IR-20 T ecedef
T50-cm suction 5~ 66 der
500~cm suction IR-20 63 e f

T50-cm suction TR-20 56 e T
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Appendix 16. Influence of soil moisture regime and variety on
panicle length (cm).

Soil moisture regime Variety Punicle length (cm)
Submergence 25 DAS 0s-6 29.5 a
Submergence 20 DAS 0s-6 28.8 a b
Submergence 55 DAS 0s-6 27.7T a b
Zero suction 0S-6 26.4 abb ¢
250-cm suction 03-€ 2h.7T abec a
Zero suction IR-20 2h.h abe a
500-cm suction 0s-6 23.8b c d
Sut.:ergence 35 DAS IR-20 23.8 b c d
Submergence 55 DAS IR-20 23.0b c d
250-cm suction IR-20 23.2 b ec d
Submerience 20 DAS IR-20 23.2bcd
750-cm suction 0S-6 20.8 ¢ d
500-cm suction IR-20 20.7T ¢ 4
Irrigation at leaf rolling 05-6 19.8 4
Irrigation at leaf rolling IR-20 19.5 d
750-cm suction IR-20 18.9 4
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Appendix 17. Influence of soil moisture regime and variety on
weight of 1000 grains (g).

Soil moisture regime Variety Unit grain weipght
Zero suction 5-6 32.7 a
Submerpence 55 DAS 05-6 31.3 a
Submergence 20 DAS 05-6 31.0 a
Submerpgence 35 DAS 3-6 25.T a b
500-cm suvction 05-6 25.3 a b
250-cm suction 05-6 25.0ka b
T50-cm suction 5-6 22, 7T ab
Submergence 35 DAS TR-20 21.7T a b
250~-cm suction IR-20 21.0 a b
Submergence 20 DAS IR-20 17.0 v ¢
Zero suction TR-20 16.0 b c d
Submerpgence 55 DAS IR-20 15.0 b ec d
500-cm suction TR-20 14.3bc d
T50-cm suction TR-20 12.9 b ¢ 4
Irrigation at leaf rolling 05--6 5. ¢ d
Irrigation ut leaf rolling [R~-20 3.7 d
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Appendix 18.  Total moisture stress (cm. days) for different soil
moisture regines.

Variety Soil moisture regime S50il moisture stress
(em. days)
IR-20 750-cm suction 5309 er Aays
IR-20 500-zm suction h230 "
IR-20 250-cm suction 2625 "
IR-20 F1. 55 DAS 800 "
IR-20 F1. 35 DA 39k "
0S-6 F1. 35 DAS 360 "
0S-6 F1. 55 DAS 1150 "
08-6 250-cm suction 3130 "
0s-6 500-¢m suction 5040 "
0S-6 . 750-cm suction 7570 "
IR-20 Irrigation at - -
leaf curling
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Appendix 19. Total consumptive water use as influenced by
soil moisture regime and rice variation (cm).

Consumptive water use (cm)

Soil moisture regime IR--20 0S-6

Submergence 20 DAS

Submergerce 35 DAS 117.10 150.97
Submergence 55 DAS 139.62 189.10
Zero suction 180.80 188.08
250~cin suction " 61.26 97.86
500-cm suction h1.11 58.28
750-cm suction 28.52 L8.61

Irrigation at leaf rolling
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APPENDIX b

METHODOLOGY

Greenhouse studies were conducted in 1971 on an Apomu soil cf
sandy: loam texture containing 70 percent sand, 12 percent silt and 18%
clay. The clay fraction of this soil is dominated by Kaolinitic type
clay minerals. This soil contains about 1 percent organic carbon has a
pH of 6.5 to 6.8. The taxonomy and physical and chemical properties of
similar soil series have been described by Moormann et al (1975). The
wetting and draining moisture characteristics of the surface soil are
shown in Appendix 4.l. A majority of the pores drain between 60 and
100 em of water suction. The moisture retained at 0.1 bar suction is
about 0.16 (gg=l) and thit retar. »° at 15 bar suction is 0.05 (ge-1).
There is a little change in the moi. - ¢ retention curve beyond e
suction value of 2 bar. Some chemical characteristics of this soil are
shown in Appendixz 2.

Soil was packed to a vulk uw2sity of 1.35 gcm'3 in circular .-etallic
containers of 35 cm in diameter, and 36 cm deep. The soil wes sieved
with a rotary sieve of 8 mesh size prior to packing in these crums. A
2.5 cm thick layer of coarse gravel was maintained at the bottom of the
drum to facilitate drainage. A detailed sketch of the set up to regulate
water regime in these containers is shown in Fig, 2, and Pl-te I and
R.II. The application of water was regulated by observing so0ll water
suction at the pre-determined depth. When necessary, water application
was made through sub-surface irripgation using a perforated irripation
tube of 2.5 cm diameter and positionea in the centre of +the container
(Fig. 2). Fertilizer application at planting was made at the rate of
100 ppm of P as single super-phosphate, 50 ppm of K as umurate of potash,
and 60 ppm of N as urea. Tnis fertilizer was mized in the entire soil
volume before packing. Top dressing with N was made at the rate of 60
and 80 ppm of N applied at 6-weeks and at early heading stape of rice
growth.

Eight seeds, rice varicties IR-20 and 05-6, were planted in each
container in dry soil on 20th May, 1971. The soil moisture suction at
planting was approximately 150 cm of water suction. Oeecdlings, after
emergence, werc thinned to four per pot.

Two varieties investipgated in thic experiment were those known for
their high yield potential in West African conditions. 05S-6 is a tall,
leafy, disease-resistant variety widely prown us upland rice in West
Africa. It has a pood seedling vigor, a superior root system, and has
bold long grain of acceptable quality but tends to be low tillering and
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lodges easily under improved management.

IR-20 is a dwarf erect-leaved, high tillering, stiff strawed variety
from IRRI. This va. .wty has a superior resistance to disease and a
substantial tolcrance to major inscct pests. It is slightly later
maturing than 05-6, and has a small, slender prain of good milling quality.
qu

The comparison of yield and growth paramcters of these two rice
varieties was investiguted at eipht levels of soil moisturce regimes.
These moisture repgimes were, continuous submerpgence of 5 cm depth from 20,
35 and 55 days after planting (DAP), saturated soil with no submergence,
and soil moisture suection of 250, 500 and 750 cm of water maintained at
a 15-cm depth throurhout the rrowing scason. One Lreatment consisted of
irrigating only when plants showed slerng of wilting at 1400 hour. Soil
moisture suction was read three times o day and containers were irripgated
with the desired quantity of water for each treatment.

The temperature under the greenhouse conditions ranged from 22 to
320C und the relative hunidity frer 70 to 100 percent. The data of
evaporation from free water surface is shown in Table 2, and the weekly
averapge temperature and humidity records arec shown in Table 3.

Each of the 16 treatments (Two varieties x 8 moisture levels) was
replicated four times. All 6h containers were completely randomized.
One plant from the fourth replication was harvested four times during the
growth stages to ussess the dry matter production.

Periodic obscrvations were made for plant height, tiller count, dry
matter production, nutrient uptake by tissue analysis. Yield and yield
components were analysed at harvest. Leaf area was determined by direct
measurement using a shape factor for each varicety.

The shape factor was determined for leaves of different ages and was
experimentally found to be 0.71 for 0S-6 and 0.77 for IR-20. After the
crop was harvested, the soil was carefully washed of{ the roots. The
root length was determined immediately after washing, while the dry
weight was
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APPENDIX 5

METHODOLOGY

The influence of soil moisture stress under field conditions was
investigated in the lysimeters described in Chapter 3. These experiments
were conducted in the dry season from November 1971 to March 1972.

The treatments were imposed according to a completely randomized
design. Vacuum paure tensiometers were installed in each lysimeter at
15 cm depth. The tensiometric readings were monitored at 0730 and 1330
hour daily. A known quantity of water was then added to each lysimeter,
depending on the tensiometric measurements and soil moisture characteristics.
Daily fluctuations in soil moisture potential arce shown in the Appendix.

Pre-soaked seeds of TR-20 were broadeast in shallow water in the
lysimeters and surrounding ficld on November 19, 1971. A uniform ferti-
lizer application was made to all the lysimeters and surrounding areas.
Nitrogen was applied in a split application at the rate of 60 kg/ha.
One-third (Wb kp wrea/ha) was applied 20 DAS, 42 DAS, and 70 DAS. Phos-
phorus was applied at 26 kg P per hectare and K at 15 kg/ha. Insect
coutrol was obtained by spraying Vetox 85 «t 1 kp/ha (1.2 kg dissolved in
500 hectare).

Periodic obgervations were made fcr plant height and tiller count.
The yield and yield componcnts were monitored at maturity. Rice was
harvested on 16th March, 1972.
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APPENDIX 6

METHODOLOGY

Sieved surface soil of Apomu scries was packed in containers, 35 em
in diameter and 36 cm deep. The soil was packed at a dry bulk de sity of
1.35 pgem3, leaving upper 5 em unpacked for facilitating irripation and
submergence. TPerforated irrigation tubes of 2.5 em diameter were
installed in the centre of the drum to apply water from the sub-surface
for even distribution.

Twelve sceds of two rice varietices, [R=-20 and 00-0, were planted in
each container on May 17, 1972. After permination, sccdlings were thinned
to four per container, fertilizer application were made at the rate of
4.5 g urea per pot at the time of planting, and 1.9 g and 6.0 g later at

6 and 9 weeks after planting, respectively.

So0il moisture suction was monitored by using vacuum gauge dial type
tensiometers. Suction observations were made 3 times o day and irrigation
with the required amount of water was done depending on the tensiometric
readings and the soil moisture characteristics. All treatments were
replicated thrice, and the pote were distributed as stipulated by the
completely randomized design.
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APPENDIX 8

Each treatmert was replicated four times, and the containers
(dimensions described in the previous section) were spaced according to
a completely randomized design.

Rice was sceded cn 23rd October, 1972. The nitrogenous fertilizer
was applied as follows:

(i) h.5 ¢ urea/pot 2 weeks before sceding

(ii) h.5 ¢ urea/pot 3 wecks after seeding

(ii1) 6.0 ; wrea/pot 6 weeks after secding.

Soil moisturce suction was monitored by installing vacuum pgauge.
Tensiometer at 0730, 1000, and 1300 daily. A known quantity of irrigation

water was added, according to soil moisture suction, and the soil
moisture characteristics.
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25 days after seeding (cm).

Influence of soil moisture regime and nitrogen levels on plant height

Soil moisture regime

100 ppm N

200 ppm N

300 ppm N

%00 ppm N

IR-20 0s-¢ | IR-20 | 0S-€ | IR-20 | 03-6 { IR-20 | 0S-6
Submergence 38.0 52.0 | 38.7 50.3 | 36.7 48.7 { 35.7 49.0
100-cm suction 37.7 53.3 { 36.0 50.0 | 35.7 48.0 | 31.7 L3.0
250-cm -metion 36.7 L.7 1 27.3 50.7 | 36.3 46.0 | 30.0 Lh.3
ISD (.05)
(i) Moisture 1.7
(ii) Nitrogen 1.7
(iii) Variety 1.5
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Appendix 2. Influence of soil moisture regime and nitrogen levels on plant height
32 days after seeding (cm).

Soil moisture regime 100 ppm W 200 ppm N 300 pom ¥ 400 ppm N
IR-20 | 08-6 | IR-20 | 0S-6 | IR-20| 0S-6 | IR-20 | 0S-6

Submergence 51.7 7.0 | 53.3 72.0 | 50.7 70.0 | Lko.3 71.0

100-cm sur ion L6.3 TL.3 ] L3.3 72.0 | k3.0 07.3 ] 38.7 62.3

250-crm suction bi.¢ 66.0 L2.0 £8.0 41.0 L. 34.3 62.0

LSD (.05)

(i) Moisture 2.2

{(ii) Nitrogen 1.9

(iii)  variety 1.7




Influence of soil moisture regime and nitrogen levels on plant height
ter seeding (ecm).

]

ol

:'4'
SV

100 ppm N 200 ppm N 300 vpm I 400 ppm N
Soil moisture regime

IR-20 0s-6 IR-20 0S-6 IR-29 0S-¢ IR-20 0S8-6

Submergence 60.0 8L4.7 | 60.3 86.0 | 58.0 86.7 | 61.7 88.7
100-cm suction 58.3 a5.7 57.3 92.3 55.0 57.3 L8,y 83.3
250-cm suction 49.3 84.3 | LS.0 89.0 | L49.3 8§3.7 | L2.0 81.0

LSD (.05)
(i) Moisture h.s
(ii) Nitrogen 1.9

(iii) Variety 1.9
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Appendix k. Influence of soil moisture regime and nitrogen levels on plant height
46 days after seeding (cm).

100 ppm W 200 ppm N 300 ppm N L00 ppm N

Soil moisture regime

IR-20 | 0S-6 | IR-20 | 0S-6 | IR-20 | 0S-6| IR-20| 0S-6
Submergence 68.3 97.3 | 67.7 99.7 | 71.7 (103.7| 70.7 104.3
100-cr suciion 66.7 [x12.3 | 6b.T j106.7 | 61.7 |ic2.7| s1.7 96.0
250rcm suction 60.0 |100.0 | 55.7 |102.7 | 58.0 ob.ot LL.9o 92.3
LsD (.05)
(i) Moisture 4.0
(ii) Nitrogen 2.7
(iii) Variety 1.8
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Appendix S. Influence of soil moisture regime and ni.cogen levels on plant height
Sk days after seeding (cm).

. . . 100 ppm N 200 ppm W 300 ppm I 400 ppm N
Soil moisture regime - -
]
IR-20 | 0€-6 | IR-20| 0S-6 | IR-2 0S-6 | TR-20 1| 08-6
Submergence 77.3 |11bk.7 §{ 83.0 | 117.0 | T79.3 JiiT.0l T7.7 1128.0
100-cm suction T&.3 j127.3 | 70.0 | 125.7 | 66.7 |118.7( 53.3 |111.C
250-cm suction 62.3 |112.0 | 59.0 | 116.0 | 61.7 |105.7| Lo.3 98.3
IsSD (.05)
(1) Moisture 3.2
(ii) Nitrogen h.2

(iii) vVariety 2.1




Appendix €. In?t
62 days after see

100 ppm U 200 prm N 300 pom N 400 ppm N
Scil moisture regime
IR-20 03-2 I%-20 S3-£ | Ir-2C 08-6 | 1IR-2 05-6
Submergence 87.0 1i2.71 93.7 128.31 39.7 127.0( 91.0 126.7
100-cm suétion 5¢.2 i20.01 75.7 133.0] T3.7 126.0 56.7 122.7
250-cm suction 68.7 i20.¢| é2.7 125,71 65.3 1z2.7) Lo.T 107.3

(i) Moisture
(ii) Mitrogen
(iii)  Variety

N
\J

W
(@)
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Influence of soil moisture regime and nitrogen levels on plart height
(
S \

100 ppm N 200 ppm ¥ 200 rom U LO0 ppm N

Soil moisture regine

IR-20 0S-6 | IR-20 03-6 | IR-20 0c=5 | IR-20 0s8-6
Submergence 90.0 12L.0 | 96.7 13L.0 | 91.7 17203 96.3 130.7
100-cm suction Th.T 129.7 { 82.0 138.7 | 79.3 13G.7 | s59.7 130.0
250-cm suction 71.3 i21.7 | 65.3 128.3 | 6A.7 123.0 | 53.7 1i5.3
LsD (.05)
(i) Moisture k.5
(ii) Nitrogen 3.2

(iii) Variety 2.2




Influence of soil moisture
ter seeding (cm).
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regime and nitrogen levels on plant height

Soil moisture regime 100 pom N 200 rpm U 300 pom W L00 pom N
1R-20 08-6 T5-20 08-5 IR-20 0S-6 IR-20 0s-6

Submercence Q1.7 127.7 983.3 137.0 93.3 131.7 96.0 131.7

100-cm sucticn 86.7 131.0 | 83.0 141.0 | 82.3 13k.0 | 61.0 132.3

250~cm suction T2.7 12L.0 £6.7 131.0 £€7.3 126.7 s5L.0 116.3

L3D (.03)

(i) Moisture L.05

(ii) Hitrogen 2.80

(iii) Variety 2.0
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Appendix Q. Influence of soil moisture regime and nitrogen levels on plant height
110 days after seeding (cm).

N 1 1 3 ! -

Soil moisture regime 100 vpm 1 200 ppm I 300 ppm I iYoo) ppm I
IR-20 0S-6 | IR-20 0S-6 | IR-20 0s-6 ! IR-20 0s-6

Subnergence 105.7 | 186.0 | 102.7 | 190.0 103.7 | 200.3 | 106.3 | 19k.T

100-cm suction 100.0 | 171.0 89.0 | 192.0 8L.3 | 141.3 59.7 1 17k.0

250-cm suction T1.7 { 127.7 71.3 [ 105.3 56.7 | 120.3 53.7( 116.3

LSD (.05)

(i) Moisture 17.0

(ii) Nitrogen 11.0

(iii)  Variety 7.7
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Appendix 12. Influence of soil moisture regumes and nitrogen rates on tillers/plant,
18 days after seeding.

Soil roisture regime 100 ppm N 200 ppm N 200 ppm U 400 pom N

+ TR-20 0s-6 IR-20 0s-6 IR-20 0s-6 IR-20 0S-6
Subnmiergence 2.0 2.7 2.0 2.7 1.7 2.7 1.7
iQ0-~cm suction 7 2.0 2.3 1.7 2.7 2.0 2.3 1.3
250-cm suction 2.7 2.0 2.7 2.0 3.0 2.0 1.3 2.0

LSD (.05)

(i) Moisture 0.37
(i1) Nitrogen O.él*
(iii)  Variety 0.25%%
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Appendix 13. Influence of soil moisture regime and nitrogen rates on tillers/plant,
35 deys after seeding.

Soil moisture resime 100 ppm U 200 ppm I 300 ppm I 400 ppm N
IR-20 | 0s-6 | IR-20 | 08-6| IR-20| 08-6 IR-20 | 0S8-6

Submergence 7.0 3.7 7.0 Lh.3 6.0 3.0 5.0 3.7

100-cm suction 6.3 b7 6.7 L.o 6.7 L.o 5.3 3.0

250-cm suction 5.3 L.0 6.3 4.0 6.7 3.7 L.3 3.3

LSD (.05)

(1) Moisture 0.51

(ii) Nitrogen 0.55

(iii) Variety 0.46




Apperdix 1bh. Influence of soil moisture regime and nitrogen levels on tillers/plant
30 days after seeding.

. . i 100 ppm N 200 ppm N 300 ppm N 400 ppm N
Sol1l moisture regime

IR-20 05-6 IRX-20 08-6 TR-20 0s-6 IR-20 | 03-6

Submergence 8.7 L7 9.0 5.7 8.7 5.0 8.7 5.7
100-cm suction 3.3 6.0 9.3 L7 9.7 5.0 8.3 3.7
250-cr: suction 7.0 L.3 2.7 .3 9.3 L.o 6.0 L.o
LSD (.05)

(1) Moisture 0.71

(ii) Nitrogen 0.72

(iii) Variety 0.60
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pendix 15, Influence of soil moisture regime and nitrogen levels on tillers/plant
fter i

Soil moisture regime 100 ppm H 200 ppm I 300 ppm i 400 ppm N
IR-20 | 02-6 | IR-20| 0S-6 | Ia-20 | 05-6| IR-20| 0S-6

Submersence 2.7 6.3 | 12.0 7.7 | k.7 7T.7T] 1k.3 8.7

100-cm suction kb7 8.3 | 15.0 7.3 | 1k.o 6.7 11r.7 6.7

250-cm suction 12.7 6.0 | 12.0 €.0 | 1k.0 5.7 9.2 5.7

|

LSD (.05)

(1) Moisture 2.1

(ii) Nitrogen 1.1

(iii) Variety 1.0
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Arpendix 16. Influence of soil moisture regime and level of nitrogen on tillers/plant
L5 days after seeding.

100 ppm N 200 ppm ¥ 300 ppm N 400 ppm N
Soil moisture regime

IR-20 05-6 IR-20 0s-6 IR-20 0s-6 IR-20 0s-6

93]

Submergence 17.3 6.7 16.0 5.0 19.0 8.0 18.3 9.7
100-cm suction 19.7 9.7 19.3 9.3 19.7 9.3 16.3 8.7
250-cm sueticon 16.0 10.7 17.3 5.2 18.0 T.3 12.3 T.0
LSD (.C.)

(i) Moisture 1.k

(ii) Hitrogen 1.3

(iii) Variety 1.0




Appendix 17. Influence of soil moisture regime and nitrogen rates on tillers/plant
52 days =a2fter seeding.

5011 roisture resine 100 pom I 20C vpm I 3C0 ppm I 400 ppm N
=20 03-5 IR-2 05—t IR=20 03-4 I3-20 05-6
Submerzence 23.7 .7 2L, 7 13.0 25.7 1.7 21.0 13.3
100-cm suction 25.0 9.7 2k.3 12.0 25.7 11.3 13.3 12.7
250-cm suction 21.7 13.0 z1.0 10.0 21.0 3.3 16.7 8.0

IsD (.03)

(i) Meisture 1.7
(ii) Nitrogen 2.0
(iii)  Variety 1.4
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Appendix 18. Influence of soil moisture regime and nitrogen rate on tillers/plant
59 days after seeding.

h o e N 20/ o )

Soil moisture resime 100 por W Z00 pom N 300 ppm N 400 ppm N

IR-20 | 0S-6 | IR-20 | 0S-6 | IR-20 | 08-6| IR-20| 0S-6
Submergence 26.0 10.0 28.90 5.0 21.3 1.0 27.3 15.0
100-cm sucticon 20.0 11.3 32.7 i4.0 33.7 15.74 27.0 12.7
250-cm suction 23.7 131.3 27.7 14.7 29.0 10.3 21.0 11.0
3D (.05)
(i) Moisture 2.0
(ii) Hitrogen 1.6

(iii) Variety 1.2
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Avpendix 16G. Influence of soil moisture regime and nitrogen level on tillers/plant
66 doys after sseding.

]
100 ppm N 200 ppm I 300 rom N L00 ppm W
IR-20 | 03-2 IZ-20 | 03-¢ IE-I0 08-6 IR-20 | 0S-6
Submerzenca 28.3 1.0 32.7 15.7 ) 30.7 b3 31.3 16.0
100-2m suction 37.0 12,3 30.3 15.0 L1LT 19.0 35.3 13.7
250—cm suction 32.3 12.3] 32.3 1407 35.0 12,71 24.6 11.7
LD (.05)
(i) Moisture 1.5
(ii) Hitrogen 1.7
(iii)  Variety 1.3
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Appendix 20. Influence of soil moisture regime and nitrogen levels on tillers /plant
72 days after seeding.

Soil moisture regize 100 ppm N 200 popm N 300 ppm N 400 ppm N
IR-20 | 08-6 | IR-20 | 0S-6 | IR-20 | 0s-6| 1IR-20 | 0S-6

Submergence 30.7 11.0 | 3.7 15.7 | 36.3 L7 3k.3 15.z2

100-cm suction L4o.7 12.3 | 46.7 15.7 | L&€.0 9.7 36.3 15.0

250-cm suction 33.7 13.0 | 39.0 15.0 | Lo.3 12.7] 26.3 2.7

N

LSD (.05)

(i) Moisture

(ii) Nitrogen
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dppendix 21. Tnfluence of soil moisture regime and nitrogen levels on tillers/plant
95 days after seeding.

. L . 100 ppm N 200 ppm N 300 opom i 400 ppm N

Soil moisture regime
IR-20 0s-6 IR-20 0S-6 IR-20 0s-6 IR-20 0s-6

Submergence 31.7 11.0 | 38.0 15.0 | 48.0 1L.3 | bs.7 15.7
100-cm suction | 1.7 13.3 54.0 15.3 €3.0 22.3 56.7 18.7
250-cm suction LE.O 14,3 | L8.3 1”.3 | 5k.0 16.7 | k2.3 15.0
LSD (.05)
(1) Moisture 1.9
(ii) Nitrogen 3.8

(iii)  Variety 2.2
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Appendix 22. Influence of soil moisture regime and nitrogen level on dry straw weight
(g/plant), 20 days after seeding.

100 ppm W 200 n N 00 n N 400 ppm N
Soil moisture regime 2P ppm 300 ppm ppm 1

IR-20 | 08-6 IR-20 0S-6 IR-20| 08-6 IR-20 0s-6

Submergence 0.21 0.290] 0.22 0.23 0.197| 0.160 0.180 0.237
100-cm suction 0.2271 0.230f 0.137 0.153 {0.190| 0.207 0.167 0.1h47
250-cm suction 0.183} 0.243) 0.2k3 G.320 |1 0.220| 0.280 0.210 0.197

LSD {.05)
(i) Moisture n.s
(ii’ Nitrogen n.s

(iii) Variety L.S
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23. Influence of soil moisture re
weight (g/plant), 40 days after seeding.
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gime and nitrogen level on dry straw

Soil moisture regime 100 ppm N 200 rpm N 300 pom H LOO ppm N
IR-20 | 0S-6 | IR-20 | 0S-6 | IR-20 | 0S~6| IR-20 | 0S-6

Submergence 8.30 | L.s58 7.59 | 6.57 L.67 | L4.53 5.25 | 5.k49

100-cm suction 3.56 | 3.51 3.97 | 2.23 3.7k | L4.26 2.5k | 2.78

250-cm suction 2.63 | 2.08 2.46 | k.32 2.83 | 3.06 1.26 | 3.21

LSD (.05)

(1) Moisture 1.39

(ii) Nitrogen n.s

(iii) Variety n.s




Appendix 24, Influence of soil moisture regime and nitrogen
weight (g/plant), 5L days alter seeding.

levels on dry straw

160 ppm N 200 ppm N 300 ppm N LOO ppm N

Soil moisture regime

IR-20 | 0S-6 | IR-20 | 0S-6| IR-20 | 0S-6 | IR-20| 0s-6
Submergence 19.63 |17.07 | 21.45 |17.52 | 16.37 [2L4.29 | 11.30 |21.93
100-cm suction 13.80 {22.09 | 12.17 |18.15| 1c.27 118.81 L.60 | 12.15
250-cm suction 9.49 [1k4.03 8.72 |11.62 6.76 [12.62 .37 | 6.90
1SD (.05)
(i) Moisture 3.55
(ii) Nitrogen 2.95

(iii) Variety 1.84




Appendix 25. Influence of scil moisture regime and nitrogen levels

(g/plant), 62 days arter seeding.
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cn straw weight

T ho) I 2 ™M
S0il moisture rezime 1C0 ppm N 200 ppm N 200 ppm X L0O ppm N
IR-20 05-6 IE-20 0sS-6 IR-20 08-6 IR-20 05-6
Submergence 35.19 [32.Lk0 45.98 37.69( 5&.32 [ 36,36 38.77 53.91
100-cm suction 21.94 |26.66 138.19 26.69| 15.53 | 2¢ 39 8.z26 28.07
250-cm suction 15.02 {25.7k 13,12 29.85| 13.27 18,22 5.81 10.42

LSD (.05)
(1) Moisture
(ii) Nitrogen

(iii)  Variety

T.34
6.73
5.13
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Appendix 26. Influence of soil moisture regime and nitrogen levels on dry straw

weight )g/plant), 90 days after seeding.

100 N 200 ppm N 00 n N 400 N

Soil mcisture regime ppm & rpm 3 2pm e

IR-20 | 0S-6 | IR-20 0s8-6 | IR-20 0s-6{ IR-20 0s-6
Submergence 111,3 | 83.1 | 91.5 105.4 | 118.6 112.3 | 99.6 156.3
100--n suction 69.3 | 68.2 | 77.5 gL .2 TL.3 1 1ME.3 | 32.9 90.6
250-cm suction sh,2 | 71.3 L6.5 68.8 53.1 Lo.3 | 10.L 28.8
IS (.05)
(1) Moisture T.21
(ii) Hitrogen 19.39
(iii) Variety 13.69
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x 27. Influence of soil moisture regime and nitrogen levels on dry straw
(g/plant), 110 days after seeding.

Soil moisture regime 100 pom I 200 ppm I 30C ppu I LOO ppm N
IR-20 | 0S-6 | IR-20 0s-6 | IR-20 CS-6 | IR-20 [ 0S-6

Submergence 9T.7 | 155.3 1 222.0 | 327.0 | 3%9.0 |518.3| 379.3 | L26.3

100-cm suction 2C7.7 | 255.3| 230.3 | k20.7| 271.7 | L76.7 | 196.0 | L27.3

250-cm suction 166.0 | 2A5.0) 173.3 | 327.0| 16L.3 | 270.3 69.0 | 128.7

LSD (.05)

(i) Moisture ho.s

(ii) Nitrogen 45.0

(iii)  Variety 39.5
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Appendix z e of soil moisture regimes and levels of nitrogen on grain
I

yield »?f

Soil moisture regime 100 ppm X 200 prm N 300 ppm N 400 ppm N
IR-20 08-6 IR-20 | 038-¢ IR-20 | 08-6 IR-2C | 08-6
Submergence 185.9 | 181.6 | 222.6 | 233.L | 283.2 | 263.5{ 302.9 | 255.0
100-cm suection 150.9 | 176.11185.0 | 1¢9.4%{ 98.0 83.0! 13.¢9 | 121.2
250-cm suction 60.0 5L.0 47.3 33.1 16.2 15.0 0.0 5.1

(i) Moisture 27.6
(ii) Hitrcgen 20.7

(iii) Variety 11.5




29.

levels and 30il
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moisture regimes.

Unit grain weig.:s (g/100 grains) of IR-20 and 0S-6 as influenced
23

by

100 pem 200 ppm I 200 ppm i 200 pom ¥

Zoil moisture regime
IR-2 08-£ IZ-Z20 0S-£ IR=Z0 03¢ IR-20 0s-6
Qyter s e e om ok < Lo e 5l 101 2 LK 1.5 4
Sutmergernce 1.%90 53.02 3..59 3.54 1.91 3.6 1.53 3.3
100-cm suction 1.83 3.3 J1.36 3.37 | 2.55 1.94 | 0.k2 3.14
250~cm suction 1.47 2.93 0.21 1.02 0.4k 0.30 0.00 0.00

Moisture
Nitrogen

Variety

0.58
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Appendix 30. Influence of soil moisture regime and nitrogen levels on
percentage of filled prains.

) . . 100 ppm N 200 ppm N 300 ppm N 400 ppm N
Soil moisture regime

[R-20 | 05-6 | TR=20 | 05=t | IR-20 | 08-6 | TR-20 | 0S-6

Submergence o3 fon.rt9r.6 | 39.6]93.1 | 93.6]93.4 |96.7
100-cm suction 95.0 89.0192.9 | 87.4] 76.8 [ k2.7 k3.0 | 67.5
250-cm suction 5.8 Proorfhos 27071 29.1 | 23.8] 0.00] 0.00
LSD (.05)
(i) Moisture 11.6
(ii) Nitropgen 13.1
(iii)  Variety 0.6
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Appendix 31. Influence of soil moisture regime and levels of nitrogen application
icle weight (kg/pot).

100 ppm N 200 prm N 300 ppm N LOO ppm N

So0il mcisture regime

]

IR-20 0sS-6 IR-20 03-6 IR-20 08-6 IR-20 0S-6
Submergence 0.223 0.253] 0.257 0.253 C.230 0.263 0.233 0.250
100-cm suction 0.193 0.237] 0.170 0.287 0.370 0.160 0.063 0.187
250-cm suction 0.113 0.1k0| 0.080 0.130 0.08z 0.107 0.00 0.030
LsD (.05)
(i) Moisture 0.0L7
(ii) Nitrogen

(iii) Variety
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fppendix 32. Influence of soil moisture regime and levels of N application on
number of sterile grains/panicle.

100 »opm X® 200 prm o 300 vpm N 400 ppm N

I3-20 0s-8 I5-20 28-¢ TR2-20 0s8-6 IR-20 0sS-6
Sutnmergence Q.0 10,7 2.7 1.0 311.0 i1.92 9.0 7.3
100-cmm sueticon 2.3 7.7 5.3 lo.= 16,3 5.0 23.3 35.7
250-cnm sueticn 35.7 23.2 20.0 Lo, 3 “8.3 L48.0 Al 18.7
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33. Influence of soil moisture regime and levels of N application on
=3

I==-20 ce-54 PRSTREES: { 03 =20 D37 irE=-20 03~
Submergence 23.8 23.8 | 28,3 33.5 . 27.% 20,73 25.9 31.2
108~cn suction k.2 20.3 27.2 30.0 24,0 TEL8 19.0 26.2
250-cm suction 21.8 22.5 21.7 20.5 20.58 22.5 0.00 T.1

(i) Moisture h.o7
(ii)  Nitrogen 2.92

(iii) Variety 2.08
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Appendix 3. Influence of soil moisture regime and levels of N on grain

weight/panicle (g).

Soil moisture regime 100 ,pm H 200 ppm N 300 pom N 40O ppm N
IR-20 0s-6 IR-20 0s8-6 IR-20 0s-6 IR-20 03-6

Submergence 2.98 | 5.L43 2.92 | 4.81 2.79| b4.o7 2.82 | 4.95

100-cm suction 2.48 | L.L2 1.80 | k.63 0.8L} 1.35 0.26 | 2.k0

250-cm suction 0.7h | 1.7L 0.4ks5 1 0.88 0.62| 0.60 0.00 | C.09

LSp (.05)

(1) Moisture 0.27

(ii) Nitrogen 0.48

(iii)  Variety g.27
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Appendix 35. Influence of soil moisture regime and nitrogen levels on root length
4
{em).

. . . 100 pom U 200 ppm I 300 popm il L00O ppm N

Soil moisture regime
IR-20 0S-6 TR-20 0S-6 TR-20 05-6 IR-20 0S-6

Submergence 33.5 sh.9 | 33.8 56.6 | Lo.2 Lo.5 | 36.0 59.6
100-cm suction 32.0 35.6 35.1 38.4 38.8 53.8 36.6 46.8
250-cm suction s5h.Q 51.L L. 3 k9.5 ] 39.0 Yhor | 17.6 38.6
LSD (.05)
(i) Moisture 7.1
(ii) Nitrogen T.7

(1ii) Variety 5.

\n




Appendix 36. Influence of soil moisture regime and nitrogen levels on root

diameter {(mm).

321

Soil moisture regime 100 ppm W 200 ppm X 300 ppm N 400 ppm N
IR-20 0s-6 IR-20 0s-6 IR-20 05-6 IR-20 0S-6

Submergence 1.97 2.23 1.93 2.63 2.73 3.07 2.40 2.23

100~cm suction 1.50 1.93 2.20 2.17 2.13 2.37 1.57 2.03

250-cm suction 2.07 2.47 1.93 2.47 1.60 2.30 1.17 1.07

LSD (.05)

(1) Moisture 0.L3

(ii) Nitrogen 0.38

(iii)  Variety 0.18
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Influence of soil moisture regime and nitrogen
root weight g/plant.

levels on dry

Soil moisture regime 100 von u 200 prm N 300 ppm N 400 ppm N
IR-20 0S-6 TR-20 0s-6 IR-20 0S-5 IR-20 08-6

Submergence Lo.€e 36.6 |55.9 58.9 | €£.1 73.4 oT L2.9

100-cm suction 17.8 17.5 [15.9 bks.2 | 59.5 69.3 | 15.1 33.7

250-cm suction 20.0 52.3 18.0 65.8 16.2 27.6 6.6 13.7

LSD (.05)

(i) Moisture 20.2

(ii) Nitrogen 15.8

(iii)  Variety 10.9
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Appendix 38. Influence of soil moisture regime and nitrogen level on root

weight of 3-cm section.

Soil moisture regime 100 ppm N 200 ppm N 300 ppm N 400 ppm N
IR-20 0s-6 IR-20 0s-6 IR-20 0s-6 IR-20 0S-6

Submergence 5.23 | 3.49 5.61 | 6.L9 8.55 | 6.73 8.2k | L4.98

100-cm suction 1.80 | 2.06 2.26 | 3.82 3.08 | L.o8 1.53 | 3.85

250-cm suction 2.29 4.93 2.47 4,33 1.84 3.4k 1.78 2.05

LsD (.05)

(i) Moisture 1.89

(ii) Nitrogen 1.61

(iii) Variety 0.59




Appendix 39. Influence of soil moisture regime and nitrogen level on root number.

.. . . 100 pom N 2C0 pom N 300 ppm N 400 ppm N
Soil moisture regime

IR-20 0S-6 IR-20 0S-6 IR-20 03-6 IR-20 0s-6

Submergence T22 537 976 853 756 T22 825 891
100-cm suction k10 693 L86 310 649 65k 230 kg2
250-cm suction 541 653 716 501 50k 739 309 313
LsSD (.05)
(1) Moisture ns
(ii) Nitrogen ns

(iii) Variety ns




Appendix L4O.
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Leaf water potential (L¢) at 50% flowering (Bars) at 8 a.m.

Soil moisture regime 100 oom N 200 ppm H 300 ppm K 400 ppm N

IR-20 0S-6 IR-20 0s-6 IR-20 08-6 IR-20 0s-6
Submergence 16.7 10.7 15.6 13.7 15.3 i3.8 15.7 12.9
100-cm suction 15.54 12.9 16.0 13.k 17.7 13.2 - 15.54
250-cm suction 20.7 12.1 19.1 16.6 12.3 5.9 9.2 -

LsD (.05)
1) Moisture
(ii) Nitrogen

(iii) Variety

6.6

3.0




326

Appendix k1.  Leaf water potential (Lw) at 0% flowering (Bars) at 11 a.m.
100 pom N 200 prm U 300 pom H L00 ppm N

Soil moisture regime

TR-20 | 0S-6 | IR-2 0S-6 | IR-20 | 08-6 | IR-20{ 0S-6
Submergence 18.0 18.7 | 17.3 17.1 | 18.% it.3 | 19.6 16.0
100-cm suction 19.6 16.3 | 21.k 15.6 | 17.9 19.6 - 17.5
250-cm suction 21.1 15.3 20.8 158.5 1bh.6 6.0 9.6 -
LsD (.05)
(i) Moisture 6.7
(ii) Nitrogen 3.3
(iii1) Variety 2.0
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Appendix L2. Leaf water potential (Lw) at 50% flowering (Bars), at 1400 hour.
100 ppm N 200 ppm © 200 prm N 400 ppm N
Soil moisture regime
IR-20 0s-6 IR-2C 0s-¢ IR-20 0s-6 IR-20 0s-6
Submergence 21.0 20.7 21.7 20.8 1Q.¢5 10.2 21.2 18.3
100-cm suction 21.5 16.4 21.7 18.0 22.2 20.9 - 10.7
250-c: suction 22.9 20.6 | 23.3 20.8 15.9 7.1 9.8 -

LSD (.05)
(i) Moisture 6.6
(ii) Nitrogen 3.8

(iii) Vvariety 2.2
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Appendix 3. Leaf water potential (Lw) (Bars), at grain filling stage at 0800 hour.
100 pom N 200 ppm U 300 vom i 100 ppom N

S0il molsture regime

IR-20 | 08-6 | IR-20 | 08-%¢ |1R-20 | 0c-6 | IR-2C | 0S-6
Submergence 17.3 12.6 | 16.0 13.0 |15.2 13.9 | 16.3 k.2
100-cm suction 17.7 15.0 | 16.1 14.0 6.9 L.5 - 9.9
250-cm suction - 6.0 12.6 c.5 | 5.8 - - -
LSD (.05)
(i) Moisture 4,2
(ii) Nitrogen 38

(iii) Variety n.s




329

Appendix LL.  Leaf water potential (Bars) at grain filling stage at 1100 hour.

100 ppm N 200 ppm N 300 vpm N 400 ppm N

Soil moisture regime
IR-20 05-6 IR—ZOAT 0S-€ I5-20 0S-F I5-20 0]

Submergence 17.3 | 14.6 | 18.7 | 17.8 |18.9 | 17.8| 18.3 | 16.7
100-cm suction 18.8 16.8 | 21.9 16.8 7.5 6.L - 13.0
250-cm suction - 6.2 16.3 6.9 7.8 - -
LSD (.05)
(i) Moisture 5.1
(ii) Nitrogen .7
(iii) Variety n.s
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Appendix L5, Leaf water rotential (Lv) at grain filling stage at 1400 hour (Bars)

Soil moisture regime

100 opm XN 200 popm X 300 npm I 400 pom N
T

IR-20 0s8-6 IR-20 N2=-6 IR-20 05-¢ IR-20 0S-6
Submergence 21.0 13.2 20.2 13.3 20.7 12.56 20.1 10.9
100-cm suction 19.8 183.L 12301 19.2 7.5 6.1 - 7.6
250-cm sucticn - 6.9 16.9 6.9 8.5 - - -

LSD (.05)

(1) Moisture 3.5
(ii) Nitrogen 4.8

(iii) Variety n.s




Appendix 46.
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water potential (PSI) at 50% flowering stage of growth.

Influence of nitrogen level and soil moisture regime on the leaf

Soil moisture regime 100 ppm W 200 ppm N 300 pom N LOO ppm N
IR-20 | CS-6 | IR-20| 0S-6 | IR-20 | 0S-6 | IR-20 | 0S-6

Submergence 277.3 | 2L3.3| 263.0| 2Lo.7f 257.7 | 231.7| 27%.3{ 228.0

100-cm suction 273.7 235.7) 296.0| 228.0| 279.3 259.7 - 255.3

250-cm suction 313.0 237.3] 396.0 27T1.31 207.0 92.31 138.0 130.0

LSD (.05)

(1) Moisture 130

(ii) Nitrogen 67.5

(iii) Variety 15.0
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. . . . . s -1
Arpendix 47. Leaf diffusive resistance at panicle initiation stage (sec cm ).
) ) ) 100 ppm W 200 pem H 300 ropm o 400 ppm N

Soil moisture regime B
IR-20 08-0 IR-20 0S-¢ IR-20 08-2 TR-20 0sS-6

Submergence Logs | 5,20 4.52 | 5.08 L.o2 ) 5077 3.93| 5.56

100-cm suction 2.97 | 3.95 2.9% | 3.77 3.26 ) 3.72 L.33] 3.k0

250-cm suction 3.90 | 6.03 9.63 | 5.85 L.o6 | 6.0% | 15.64| 8.82

LS (.05)

(1) Moisture 3.41

(i1) Nitrogen 1.45

(iii) Variety 0.91
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Leaf diffusive resistance at mid-tillering stage (sec cm’l).

f 200 prm N

100 ppm N T 300 ppm N 400 ppm N

Soil moisture regime

IR-20 0S-6 IR-20 0sS-6 IR-20 0s-6 TR-20 0s-6
Submergence 3.48 3.90 L,09 2.83 3.60 L.oo 3.52 3.92
100-cm suction 3.61 | L.26 4.38 | k.39 L.81] s5.17 T.48 | L.08
250-cm suction 5.20 h.o1 5.L1 L,25 L.38 L.68 5.68 5.36

|

LSD (.05)
(1} Moisture 1.kt
(ii) Nitrogen 0.47
(iii) Variety 0.30




Appendix 49.

Leaf moisture potential (L¢)

334

3rd doze of fertilizer application (Bars):

monitored 3 days after

Leaf water potential (PSI)

Treatments 8.30 am 11 am 2 pm
TR-"0 0S-6 TR-20 0S~6 IR-20 0S-6
M Nl 260 165 270 260 310 365
My N, 230 150 2ho 205 295 275
M3 Np 265 190 335 290 390 385
M3 N, 300 2ls 405 250 h30 325
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Appendix 50. Leaf diffusive resistance at 3 days after 3rd
application of fertilizer (sec cm~l).

Leaf resistance sec. cm'l

Treatments 8.30 am 11 am 2 pm

8.30 am 6.1300 2 pm
IR-20 08-C TR-20 08-6 IR-20 08-6
Ml Nl 2.71 3.53 3.31 h.Lo L.khg 5.64
Ml Nh 2.77 3.23 3.87 4.75 L.61 6.01
M3 Nl 3.69 3.46 h.38 .85 5.47 5.69
M3 N 5.26 5.16 7.38 7.24 8.77 | 13.k47




